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FOURWARD

This technical note is the final report covering the period 1 Oct 8u to 3¢
Sep 81 in response to NASA AB3ULLlB sponsored by Nasa Ames Research Center
and administered by Mr. Tom Gregory. Capt. G. Sisson was the principal

 investigator and was aided by staff and cadets at the Air Force Academy.

This technical note consists of two separate papers. The first covers the
compressible calibration of the seven-hole probe and is a reprint of an
article in the Aeronautics Digest - Fall/Winter 1980, USAFA-TR-81-4. The
second paper describes the associated software for the data acquisition
system and contains program listings. Together, the two papers describe the
entire data acquisition system developed to measure flow field properties
quickly and economically in wakes using the seven-hole probes. —— -
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USAFA-TR-81-4

CALIBRATION OF SEVEN-HOLE PROBES
SUITABLE FOR HIGH ANGLES IN SUBSONIC COMPRESSIBLE FLOWS

A.A. Gerner and C.L. Maurer¥*

\,/' Abstract

This paper illustrates, by example, a method for calibrating seven~hole probes to
measure local total and static pressures and relative flow angles of up to 70 degrees
in subsonic compressible flows. To conserve air in our biowdown wind tunnel, we used
the method of Latin Squares to statistically sample a large and otherwise unmanageable
data set, thereby reducing to a minimum the number of data points required to construct
a polynomial fit to the data. The three-variable third order polynomials found to repre-
sent the probe calibration permit all the desired output quantities to be found explicit-
ly from pressures measured on the probe in an unknown flow field. This method determines
the flow angle to within *2 degrees with 95 percent certainty.

I. Introduction /?

Many present and future aircraft designs are beginning to employ such devices as
leading-edge strakes, forward-swept wings, and canards. These devices have demon-
strated the potential for enhancing aircraft maneuverability and control by producing
strong vortices. Some modern aircraft, such as the Concorde, actually rely on vortices
and complex flows to create lift However, in some instances, primary and secondary
vortices can interact unfavorably, causing separation and loss of l1ift on portions of
a wing. To be sure, these vortex-laden flow fields are quite intricate and difficult
to analyze. Flow visualization techniques offer a way to gain insight into vortex inter-
actions, but suffer from their inability to provide quantitative information. To over-
come this limitation, small probes can be inserted directly into the flow stream to gather
meaningful pressure information. Historically, non-nulling five-hole probes have been
used to determine local total and static pressures at a particular point in a flow, as
well as flow directions up to 40 degrees relative to their axis. Nevertheless, it is
not inconceivable for the local flow angles of strong vortices to exceed 60 degrees.

For this reason, the Air Force Academy, under a grant from NASA-Ames, has developed a
unique seven-hole probe. In addition to local total and static pressure measurements,
these probes have demonstrated the ability to determine flow angles up to 80 degrees
relative to their axis. When combined with a computerized data acquisition system, they
are capable of taking data at a rate of nearly two data points per second, much faster
than nulling probes which require considerable time to balance probe tip pressures be-
fore each pressure measurement can be taken.

In addition, these probes are very small (about one-tenth of an inch in diameter),
so they do not significantly disturb the fléw they are measuring. But because of this
small size, they suffer from inherent manufacturing defects. As a result, each probe
must be calibrated before it can be a useful measuring device. Gallington describes
such a calibration procedure (Ref. 1) which is both fast and effective, but is only valid

*Cadets, USAF Academy
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for incompressible flows. This constraint effectively restricts the probes to surveying
flows with free-stream Mach numbers of 0.3 and below (Ref. 2). However, the mere presence
of 4 body in an airflow causes the flow to accelerate in certain regions, resulting in
local velocities greater than the frec-stream velocity. In addition, local flow velocities
in vortex fields are likely to exceed those of the free stream too. As a result, even
cthough the frec-stream conditions are slow enough to justify an incompressible flow as-
sumption, the local flow conditions might in fact be compressible. The purpose of this
report then is to develop a power series nalibration scheme which accurately determines
the actual flow conditivas from pressures measured on the probe in compressible flows.
Because of tne similarities in compressible and incompressible theory, we begin
our discussion by developing fully the incompressible calibration theorv. Then, by anal-~
ogy, we expand this theory to ovtain the desired form of the calibration suitable for
compressible flow. Next, we describe the apparatus and procédures we used to calibrate
a probe in subsonic compressible flow, and finally, we discuss the results of that cali-

bration.

II. Incompressible Flow Theorv

To simplify our discussion on the calibration of seven-hole probes in compressible
flow, we will begin with a background in the theory of incompressible flow calibrations.
Much of the information presented in the following sections is drawn from the work of
Gallington (Ref. !). Readers wishing further information on the theory of incompressible

probe calibrations are highly encouraged to consult this reference.

Axis System for Low Flow Angles

To begin our discussion of calibration theory, we restrict our treatment to low
flow angles; typically, those values for which the angle between the velocity vector
of the flow stream and the probe's axis are less than 30 degrees. The more familiar
reference system for low flow augles measures velocity vectors in terms of the angle
of attack, a, and the angle of sideslip, B. However, in choosing our reference system,
we adopted the tangential reference system illustrated in Figure 1. In this system, e
is taken to be the projection on the vertical plane of the angle between the velocity
vector and the probe's axis. And to preserve symmetry, BT is defined as the projection
on the horizontal plane of the angle between the probe's axis and the relative wind.
For this reason, the tangential reference system differs slightly from the u-8 system,

but will be used to evaluate the low angle flow properties.

Pressure Coefficients for Low Fluow Angles

For low flow angles it is desirable to define dimensionless pressure coefficients
which utilize all seven measured probe pressures and are sensitive to changes in flow

angularity with respect to the probe's x-axis. From Figure 2, one such pressure coeffi-
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CONVENTIONAL TANGENT

u = V cosa cosf v
. 6y = aTCLAD ——
veVeing ol
[}

v
= arctan T
w = V gine coss

Figure 1. Low Angle Reference System

cient sensitive to changes in angle of attack in the x-z planes is defined as:

Py - Py

c = —
8 py - Prog

(D

where the numerator measures changes in flow angularity baded on the differences in oppo-
site port pressures, and the denominator nondimemsionalizes the term with the apparent

dynamic pressure. This pseudo-dynamic pressure is obtained from the difference between

the central port pressure, Py, which approximates the total pressure at low angles, and
the average of the six surrounding pressures, Pi-¢, which collectively approximates the
static pressure. From the definition of this pressure coefficient, it is easy to see

that two other possibilities also exist: one which measures the pressure differential

y—o | X@
@@@ §

FRONT VIEW SIDE VIEW

Figure 2. Porct Numbering Convention and Principal Axes
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between ports three and six, and the other, which measures the pressure differential

between ports two and five, The complete set of these pressure coefficients include:

Ca = Py ‘31 . , cu - Py -fs - . ca - P, - Ps
1 Py - Py-¢- 2 Py - Py=g : Py - Prg (2)

But before these coefficients can be of any use to us, they must be resolved into the

Qr = BT reference system. This is done by weighing the contribution of each coefficient
in Eqns. (2) along the respective axis, which results in the following two equations:

1 S .
cu 3 (2001 + Cuz - C(!s) : CB B /5—' (Luz + Caa) (3)

The first equation defining C, contains all three coefficients of Eqns. (2). In particu-
lar, Ca1 has the greatest significance, which only makes sense since it lies directly
along the axis of interest. The equation defining CB only takes into account the last
two coefficients of Eqns. (2), assigning to each an equal significance. The fact that
Cy, is not included in this equation again makes sense, since it is directly aligned
with the aT-direction, ideally making it insensitive to changes in the perpendicular BT—
direction. In summary, the procedure of obtaining Cy and CB requires two tasks. First,
determine Cy,, Cqz, and Cy,; from the seven measured pressures using Eqns. (2) and then
substitute these intermediate quantities into Eqns. (3) for the desired coefficients.
Having defined the two angular pressure coefficients, it is now appropriate to dis-

cuss the remaining low angle pressure coefficients, C, and Cq, defined as:

Py - P, P; - Py
Co - ————-—— » C = — (4)
Py = P1-¢ 1 p_-p

oL »f,

Co, is the apparent total pressure coefficient and functions as a correction factor
to convert actual pressures measured by the probe to accurate values of local total pres-
sure. From the numerator, it is seen that the coefficlent measures the difference between
the pseudo~total pressure measured by the probe, Py, and the actual total pressure. Just
as with Eqn. (1), the coefficient is nondimensionalized by the denominator, which is
a measure of the apparent dynamic pressure as previously described.

Cq functions much like C,, but instead of correcting probe pressures to total pres-
sure, Cq relates these pressures to the actual dynamic pressure. In this coefficient,
the numerator represents the probe's approximation of dynamic pressure while the denomi-
nator consists of the actual dynamic pressure.
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Axis System for High Flow Angles

Up to this point, our discussion has been limited to a description of the pressure

coefficients used for flow angles below 30 degrees. Yet, the real advantage of using

a seven-hole probe lies in its ability to determine flow angles as high as 80 degrees

to the probe's x-~axis,
A reference system better suited to high angle measurement than the tangential sys-
tem is the polar reference system, which measures flow angularities in terms of 8 and ¢

and is shown in Figure 3. In this system, 0, the pitch angle, is the angle the velocity

vector makes with respect to the probe's x-axis; and ¢, the roll angle, describes the
azmuthal orientation of the velocity vector in the y-z plane, measured counterclockwise

from the negative z-axis as viewed from the front. Although a singularity exists direct-

ly along the x-axis, this does not represent any problems in high angle measurement and

v POLAR TANGENT

u = V cosd v
ay - arctan ~

velVd 't.nO in¢

\d
BT = arctan .
w = ¥V giné cos¢

o\

Figure 3. High Angle Reference System

is avoided entirely by switchihg to the tangential reference system at low angles.

Pressure Coefficients for High Flow Angles
At low angles of attack, all seven of the measured probe pressures are used to form
However, at high angles of attack, as illustrated in Figure

the pressure coefficients.
4, the flow tends to detach over the downstream portions of the probe. Pressure ports

lying in this separated region are insensitive to changes in flow angularity; consequent-

ly, it is not feasible to use their pressures in a meaningful coefficient. As a result,

the pressure coefficients for high angle measurements must be defined so that they include

only the pressures from ports in attached flow.
Typically, the separation points of a cylinder in turbulent flow are over 100 degrees

from the frontal stagnation point (Ref, 3). And for a conical body, such as the probe tip,
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Figure 4. Flow Over Probe at High Angle of Attack .

the flow is likely to remain attached longer. In additiom, the u-velocity component
is also likely to extend the separation points, Thus, for the condition depicted in
Figure 4, pressure ports three, four, five, and seven lie in reliably attached flow;
port one is in separated flow; and the disposition of ports two and six is uncertain.
Using only those ports in attached flow, a coefficient sensitive to the angle of pitch

is defined as:

Py, - Py

P
Py - Pa + Pg (5)

Ce“ =

Following the same rationale as in the low angle case, the numerator measures changes

1n © based on the differences in opposing port pressures. In this example, P;, the smal-
ler of the two pressures, is subtracted from P,. Here again, the coefficient is nondimen-
sionalized by dividing through with the apparent dynamic pressure. This pseudo-dynamic
pressure is determined from the difference between the peripheral port pressure, Py,

which at high angles approximates the total pressure, and the average of Pj and Ps, which

when taken together are relatively independent to changes in roll and approximate the

static pressure.
i Using a similar argument, a coefficlent which changes in proportion to roll angle

1s appropriately defined:

(6)

The numerator of Eqn. (6) is sensitive to changes in ¢, in that as the velocity vector
rolls in either direction, the windward pressure rises and the leeward pressure falls.

In this way, the difference between the two pressures varies significantly for variations
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in roll, yet the average of their sums remains relatively constant. Once more, the coef-

ficient is nondimensionalized with the same denominator as in the previous case.
Obviously, the above two coefficients are only valid for a narrow range in roll

angle about port four. That is, as we rotate the Qelocity vector to either side of port

four, the region of separated flow approaches either port five or three. Therefore,

to insure that all pressures are taken from ports in attached flow, we restrict Eqns. (5)

and (6) to roughly a 60-degree pie~shaped sector centered on port four. In this way,

six pie-shaped sectors are summarily defined for high angle measurement, such that each

has its own set of coefficients based on the pressures in attached flow. The remaining

angular pressure coefficients are defined with the same method used to develop Eqns.

(5) and (6), resulting in the following set of equations:

Ce - Py - Py , C¢ - Pe - P2
Yo P, + Ps 1 p, - Pe* P2

2 2
P, P, + Pj P, Py + Py

2 2

c,, = Py - Py , C¢ o«_ P2 =Py
3 P, + Py 3 P2 + Py
P3 — ‘ P; - ——

2 2 n

g, = T : y, = —
P Py + Pg Py - Py + Ps

2 2

Cpy = ’ Cyy = —
P Py + Pg Ps - Py, + Pg

2 ) 2

Cgs - Pg - Py , co‘ . Pe - P,y
Pe - Ps + P, P - Ps + Py

2 . 2

Similarly, the C, and Cq coefficients are developed with the same rationale used
to derive their low angle counterparts; the only difference resides in the choice of
the pressures which are roughly equivalent to total and static pressures. These pressures,
of cour’ , vary in relation to the sector a particular coefficient describes. The com-
let set of these coefficients include:
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P2 + P¢
P - P P1 -
Cox = o ’ qu
Pi- P> + Psg PoL - Pan
2
Ps + P
. . P2 - PoL P2 - 3
YO ’ q2
Pa- Py + P Por ™ Pap
2
Py + P2
P; - P P3 -~
C03 - oL , cq3 2
py_ Py ¥ P2 Por ~ Por,
2
Ps + Pz ®8)
Py - P Py ~
Cou = o * cqu -
Py- Ps + P3 PoL - PmL
2
Ps + P
Ps - P Ps ~
Cos = o= * Cqs
Ps- 16_ + Py 'PGL - Pan
2
Py + Ps
Pe - P Pe -
Cos = = ’ Cqs
po PL* PS PL - Py
2

Division of Angular Space

Having defined a host of coefficients for low and high angles and for various sec-
tors around the probe, a question arises as to when a particular set of coefficients
should be used. To arbitrarily assign angular cut-offs, based on probe symmetries, would
be naive since actual data might suggest better division lines. With this in mind, a
better scheme for locating the sector division lines is based on the isobars depicted
in Figure 5. This method defines seven sectors, the central low angle sector and the
six high angle periphery sectors, and allocates data points to a given sector based on

the highest port pressure measured on the probe.

Polynomial Power Series Expansion

Once the data points are allocated to the proper sector with its corresponding pres-
sure coefficients, a fourth order polynomial expansion is used to solve for the desired

quantities, In two variables (i.e., using the two angular pressure coefficients) this
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SECTOR1
P, LARGEST
USE % rc‘|
SECTOR 6 SECTOR 2
Py LARGEST Py LARGEST
: USE C“C‘. USE Cﬁ.c'.
: .
Qe, 2
Py e Ry Ry=Py
SECTOR 5 SECTOR 3
Py LARGEST Ps LARGEST
USE Cgs.Cys USE QN-Qp

SECTOR 4

Py LARGEST
USE ("Q.C"
Figure 5. Division of Angular Space

expansion takes on the following form:

Order of Terms

Ai = K? + Oth

A A

chai + Kacei + 1st
A2 A A2

KuCui + KsCaiCBi + KsCBi + 2nd (9)
A3 A2 A 2 A 3

K+7C + KgC + KoC_ C

7 g [) “icei 3Cay %8y + KloCBi + 3rd
A A 3 . 2 2 3 A 4

ket + ket ¢, +KEac? o2+ KAC €2+ KisC

16, 12C, Cay 13€,, %84 1€, Cay 1sCqy 4th

where A is either G BT, Co or Cq for low angles and 8, ¢, Cy or Cq for high angles,
with the subscript denoting the ith such quantity. The K's are the calibration coeffi-
cients, with the superscripts denoting the quantity to which a particular set of

K's belong, and the subscripts identifying the coefficient of a particular term in

the power series expansion. Note that in the high angle case, the C,'s and Cg's are

[ s

replaced by Co's and Cy's respectively. In matrix notation for "n" data points of a

particular sector, a set of Eqn. (9)'s are represented as:

W e A o a
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AL ] C 2 o Lo I I
Ay Fl -~ C81 Cul C01CB1 8, CBl r 1
2 2 ™ A
e e e e K
A2 ! Coz CBz a2 cﬂzcﬁz Cﬂz ch 2
A
1c c? 2, . . . . c K
As | . a3 CB: ay c03C83 CB; By i
(10)
A 1c ¢, ¢ c¢cc ¢ ., . . . . c K1's
L n_J L %  Ba 9y n Bn n n_| L ]
But to simplify further discussion, Eqn. (10) is rewritten as:
[A] = [C][K] )

In this form, the n x 1 A-matrix contains n values of the flow parameters of interest,
the n x 15 C-matrix contains the expanded angular pressure coefficients for each of the
n flow parameters, and the 15 x ! K-matrix contains the calibration coefficients for

the particular flow parameter of interest.

Determining the Calibration Coefficients

During the calibration process, the quantities within the A-matrix are set up by
the experimenter in terms of the known tunnel conditions, and the terms within the C-
matrix are determined from the measured probe pressures. A calibration procedure, there-
fore, involves the calculation of the unknown K-matrix. This calculation is performed
by rearranging Eqn. (11) to solve for the unknown calibration coefficients. With matrix
algebra, this is performed according to the procedure outlined by Netter and Wasserman
(Ref. 4):

First multiply each side of Edn. (11) by the transpose of the C-matrix:

tc1” (a1 = (1% rerxy = 1cfeyix) (12)
Next multiply each side by the inverse of the recently created cTc-matrix:

(c*e1-*te1tar = 1cer 2 tclerik) (13)
Realizing that the product of a matrix and its inverse results in the identity matrix,

Eqn. (13) simplifies to yield a solutiovn for the unknown K-matrix in terms of the known

C- and A-matrices:
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(k] = (cTey=trerTia) (14)

This technique determines the calibration coefficients by a least squares curve fit to

the experimental data.

Determining the Desired Flow Properties

Once the calibration coefficients are determined, the calibration process is complete.
The probe is ready to be inserte¢ in an unknown flow field and the desired flow properties
determined. Once in the flow field, the probe's measured pressure readings allow us
to determine the angular pressure coefficients; these coefficients are then manipulated
to fill the C-matrix of Eqn. (lC). Since the K-matrix is already known, the desired
flow properties in the A-matrix are then determined explicitly. For a particular condi-

tion, the solutions for the desired flow properties take on the following functional forms:

Inner Sector (low flow angles)

Qa a Qa a

ap = £(C,, Cg) = K Tvxe Te_ +Ks TcB ...+ KlsTc;
8y = £(C . Cg) = KxBT + mﬂTcal + mBTcs .. ..+ m@Tc‘é
c c c . c (15)
C, = £(C . Cg) = k1% + K2 °C, + Ks % 4. .. .4+ K;s°c‘é
c c c c
Cy = £(C,s Cp) = Ka Y4k e+ ks “c!3 000 . .+ Klsqc;

Outer Sectors (high flow angles)

8 = £(Cy.C, )= XS + Kgcen‘" xgc%+ e e + Kgsc;n
¢ = £(Cy .Cy )" k? + Kfcen+ x?c¢n+ e e + xfsc;n
(16)
Con = £(Cays Co,)= xfo" + KSO“cen + KSO“C% + . + K1§°“c;n
Cqy = £(Co» Co )= Kfq“ + xSq“cen + qu“c% +. .+ xlgq“c;n

Once the local total and dynamic pressure coefficlents are specified, it is possible to
determine the local total and dynamic pressures. This is accomplished by rearranging Eqns.
(4) in the case of the inner sector, and Eqns. (8) in the case of the outer sectors,
thereby solving for the desired pressures. This calculation involves the polynomial

result for C, or C, and the seven measured probe pressures. As an example, the inner

q
sector equations for local total and dynamic pressures are derived as follows:
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Recalling that

Py - P P; - Py_¢

c = —2 and €= ——— (%)
Py - Py_ -
7 1-6 POL PmL

the local total and dynamic pressures are then solved by manipulating Eqns. (4); thus:

P7 - Py¢

POL - Py -~ Co (P - Py1-g) POL - PNL = —E-——— (17)

q

The same procedure is extended to determine the local total and dynamic pressures in

the outer sectors,

II1I. Extension to Compressible Flow

Up to this point we have discussed the form of a calibration procedure which is
only valid for incompressible flow. This is so because the calibration coefficients
depend directly upon the angular pressure coefficients, which as pressure coefficients
are themselves dependent upon Mach number (Ref. 5). As such, seven-hole probes with
the present method of calibration are limited to surveying flcws within the incompres-
sible regime., This restriction is lifted easily enough with the inclusion of an addi-
tional pressure coefficient representative of compressibility. Consequently, the number
of variables in the polynomial curve fit is increased from two (for incompressible flow)

to three (for compressible flow).

Determining a Coefficient of Compressibility

Just like the angular pressure coefficlents (Cu and C. or Ce and C¢). the compres-

sibility coefficient (hereafter denoted CM) must be nondimznsional and determined strict-
ly from pressures measured on the probe. In addition, Cy must have the feature that

it approaches zero at very low ifach numbers. That is, at very low Mach numbers all terms
bearing a compressibility coefficient should be insignificant in the power series expan-
sion. This, in effect, brings us back to an incompressible power series expansion in

two variables, where the significant terms only contain the angular pressure coefficients.
A further constraint requires the compressib{lity coefficient to approach a finite value
in the hypersonic limit. In other words, for very high Mach aumbers, large changes in
Mach number should have a neglible effect on the compressibility coefficient. This re-
flects a limitation shared by all pressure probe methods in that Mach number becomes
indeterminate at hypersonic speeds (Ref. 1). These requirements are satisfied by model-
ing the compressibility coefficient after the dynamic to total pressure ratio depicted

68
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in Figure 6. This figure is idealized for isentropic flow; as such, it is not useful
for flow speeds much beyond Mach one. However, since our calibration is limited to sub-

sonic speeds, the isentropic idealization is valid through the sonic limit.

l.o---—.——-—-—-—-——————_———
8
[
i |
o
o
2 os+ ISENTROPIC FLOW
g o
w
x
2
(723
(72}
W
@
a
0 T T >
0 [ 2 3

MACH NUMBER (M)

Figure 6. Compressibility Effects as a Function of Mach Number

To develop a compressibility coefficient from probe ﬁeasured pressures, we need
to represent the total and dynamic pressures from probe measured pressures. For the
low angle case, a pseudo-total pressure is approximated by P7 with a pseudo-dynamic pres-
sure approximated by P, - Pi—¢. Thus, for the inner sector, a compressibility coefficient

in terms of the dynamic to total pressure ratio is modeled by:

By - Pig

- (18)
Sy, o
The compressibility coefficients for each of the outer sectors are modeled in a similar

manner; these outer sector coefficients include:

Ps + P2
Py -
%, = .
1 Pl
. + Py + Py (19)
P2 -
Cy, = 2
P2
P2 + Py '
P; -
S, = :
3 Ps
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Py + Py
Py - )
CM =
4 Py
Py + Pg
c . Ps - 3 (19)
Ms Ps
Ps + P
Pg - 5
CM -
6 Ps

Selection of Data Points

Typical incompressible probe calibrarions take approximately 80 data points in two
variables (Cu and CB) for each of the seven sectors (Ref. 1). This results in a total
of about 560 data points for a complete calibration. To extend this present scheme into
yet another dimension (Mach number) would create a data set of intractable proportions,
Consequently, it is necessary to represent the data set with a sample of more manageable
proportions. 1In addition, this sample must be chosen such that the density of chosen
data points throughout the data set is homogenous. In other words, the sample must be
an accurate representation of the data set, otherwise the calibration routine will not
offer consistent accuracy throughout the range of data.

A method of ensuring a homogenous, yet random, sample of a three-dimensional parame-
ter space is suggested by Cochran and Cox (Ref. 6). The technique is known as the method
of Latin Squares, an example of which is shown in Figure 7. The plan depicted in this
figure is a 3 x 3 square which actually represents a three-dimensional parameter space;
one variable along the vertical axis, a second varliable along the horizontal axis, and
the third variable denoted by the letters along the axis going into the page. This

square 1s better visualized in Figure 8, where 1t is shown in three dimensions instead

Figure 7. 3 x 3 Latin Square Plan
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Figure 8. 3 x 3 Latin Square Shown in Three Dimensions

of the two-dimensional rendition of Figure 7. The 3 x 3 x 3 cube represents the entire
parameter space, and each sub-cube represents a discrete data point within the entire
data set. In Figure 7, the A's denote the data points to be selected in the A-plane
(i.e., the plane in which the third variable, Mach number, is held constant), the B's
denote the points selected in the B-plane, and so on. In this way, the entire data

set is sampled by the points which appear as the shaded cubes in Figure 8. The unique
feature of this sampling technique is that no matter from which axis direction the cube
is viewed, the entire frontal space will appear covered by data points, one point deep;
that is, no two points will appear to overlap each other. Furthermore, in any given
plane where one variable is held constant, every value of the remaining two variables
is sampled exactly once. Consequently, the method of Latin Squares guarantees a homo-
genous density of data points comprising the sample of the representative data set. Of
course, the technique of Latin Squares is not limited to a 3 x 3 plan, but can be ex-

panded to a 12 x 12 plan if desired; however, the more common plans range between the

5 x 5 and 8 x 8 squares (Ref. 6). This 1s true because as plan size increases, the ratio

of points sampled to total points in the data set decreases. To illustrate, the 3 x 3

square of Figure 7 samples a 27-point data set with nine points, whereas a 10 x 10 square

uses 100 points to sample a 100U-point set. Accordingly, the 3 x 3 Latin Square samples

33 percent of the entire data set, while the 10 x 10 Latin Square samples only 10 percent

of the complete set. Nevertheless, a 3 x 3 square describes a given parameter space

with only 27 data points, while a 10 x 10 square divides the same parameter space into

7

Sebusoteeh N

e




USAFA~TR-81-4

1000 discrete data points. Thus, a larger Latin Square represents a given parameter
space with greater resolution, but sauples the resulting data set with a smaller percen-
tage of points. The experimenter, therefore, i{s faced with a compromise in choosing
the Latin Square best suited to his needs.

For reasons to be discussed later, we selected a 6 x 6 Latin Square (shown in Figure
9) for each sector. This gives us a daca ser with six different values for each of the
three variables 8, ¢, and M, for a total of 216 dara points per sector. Using the sampling
technique of Latin Squares, each 216-point data set is represented by a sample of 36
points. As such, a total of 252 data poincs will be experimentally tested in all seven

sectors for a complete calibration of the probe.

mlo|lr|c|m|lw
wlr|{n|im{c|o
rplow|lm|m|lolo
olm|{o|w|{x|m
ololo|»|{m|n

['nmownwb

Figure 9. 6 x 6 Latin Square Plan

Polynomia) Power Series Exoansion in Three Variables

In the incompressible calibration, a fourth order polynomial expansion in two vari-
ables was used for a total! of 15 terms with !5 corresponding calibration coefficients.
By adding a third variable to the calibration, the number of terms in the fourth order
expansion jumps from 15 to 35 with 35 corresponding calibration coefficients. In order
to obtain a valid estimation of standard deviation, a surplus of about 20 data points
over the number of calibra:ion coefficients is necessary (Ref. 1). This sets the required
number of data points for a given Sector at 55; however, our sample size has already
been constrained to 36 points uue to the selection of a 6 x 6 Latin Square. It is possi-
ble to take more than one 36-point Latin Square sampling within the 216-point data set,
but in the interest of keeping the toral number of points required for a complete cali-
bration down to a manageable number, so that time spent in the wind tunnel can be mini-
mized, we elect to limit each of the seven sauples to 36 data points. As a result, a

fourth order curve fit 18 no longer feusible; consequencly, the polynomial expansion is
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reduced to the next lowest order.

A third order poiynomial expansion in three variables requires 20 calibration coef-
ficients. This leaves us with a 16 data point surplus, which is sufficient to calculate
a valid standard deviation. Using the same format at Eqn. (9), a third order expansior

in three variables takes on the following form:

A Order of Terms

Ai = K1 + Oth
A A
Kic,, + Kicg, + Kllow, + Lot
20
kfcd, + kbch, + Kick, + Kic, Cp, + Kdc,, oy, + Klocg 0y, ,  2nd (20

3 A 3 A 2 A 2
Ke;cai + K12Céi + K?gCMi + K1uCa1CBi + K15C010M1 + +rd
K2eC,,C3, + Ki7Ch Oy, + KiaCq, Gy, + Khucg o, + Kboc, Co Oy

where A is either aT, BT, Co» or C; for the inner sector and 9, ¢, C,, or Cq tor the

outer sectors, with the subscript :enoting the ith such quantity. The K's are the cali-
bration coefficients, where the superscript denotes the quantity to which a particular
set of K's belong, and the subscripts identify the coefficient of a particular term in
the power series expansion. In the case of an outer sector, the Cy's and CR's are re-

placed by C¢'s and C¢'s, respectively.

Determination of Mach Number

As stated preViously, this experiment limits its scope to surveying Mach numbers
slightly below sonic flow on down to incompressible flow. Consequently, there are no

shocks ahead of the probe and the isentropic flow relation applies:

P - =
NLIE I 2 ! (21)
P 2

o

Rearranging Eqn. (21) and deriving Mach number in terms of the dynamic to total pressure

yields:
2 P_Pnli
Me=n /= -2 ]Y-l (22)
v-1 P

[¢]

And since we know C,, Cq, and che seven probe pressures, we can explicitly determine
the local Mach number from the dynamic to total pressure ratio. For the inner sector,

this ratio is determined from Eqns. (4) and the seven probe pressures:
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P -P Py -1
e N -c> 2
9 Py = P1-¢ °

Analagous equations for the vuter sectors ate developed in the same way, except that
Eqns. (8. ani the apprepriace probe pressures are used instead. During calibration,
tne actual values of Eqn. (23} aund its outer sector counterparts are known from the mea-

sured tunnel conditions. Solving Eqn. (2!) in terms of the dynamic to total pressure

ratio as a functim f Mach numper gives us:
P - P v
oL =L . {1 Pl Y M{} T—
24
Py L 2 (24)
Thus, {f tt+ - (4! and stat.c pressures cannot be measured directly, we can still deter-
mine the dyn. .. (~ total pressure ratio if only the Mach number is known. By noting
the differeun. < tween Eqns. (27) and (24), we can estimate how accurately our polynomial

curve fit determ.aes the Mach number for the inner sector; similar arguments are also

extended to the cuter sectors.

Estimating Accuracy of tne Curve Fit

Providing there are approximately twenty more data poiats than the number of calibra- -
tion coefficients, it is statistically feasible to calculate a global estimate of the
accuracy of the curve fic for each of the flow parameters. This is done by computing
the standard deviation of the difference between the experimental data and the polynomial
prediction of that dacta. For flow angles and Mach number, the following relation applies

(Ref. 7):

1 %1 - 2
B = E ey T Apouyy) (25)

where ¢ is the standard deviation; n, the total number of data points; and A, the desiced
flow parameter.

Even though the total and dynamic pressures are determined from Co, and Cq, the ac-
curacies of these pressures are not representative of the accuracies obtained for C,
and Cq. To estimate the uncertainty in determining the total and dynamic pressures (for
the inner sector, for example) requires the defining equations, Eqns. (17), and applying
to them the method of Kline and McClintock (Ref. 8). Then, by taking the standard devia-~
tion of these uncertainties and nondimensionalizing them with the dynamic pressure, we

arrive at the following eatimates for the accuracles of these pressures:
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= C_0(Co) (26)
qn

= —9 (27)

oL o, n

where an is the average value of this coefficient for a given sector denoted by 'n'.
Providing the errors between the actual values and the polynomial predictions of
those values are normally distributed, there is a 68.3 percent probability that the poly-

nomial prediction will fall within one standard deviation of the actual value. And at

1.960, this certainty is increased to 95 percent.

IV. Apparatus and Calibration Procedure

Probe Geometry

The seven-hole probe was constructed at the Air Force Academy by packing seven

properly-sized stainless steel tubes into a larger stainless steel tube as shown in Figure
10. Although the inner seven tubes have an outside diameter of only 0.028 inches with

a .005-inch wall thickness, accurate alignment is reasonably insured since the tubes

can only pack in one unique way. Once assembled in this arrangement, the tubes are then

soldered together and machined to provide the 25-degree half angle at the tip.

STAINLESS TUBING

0.109 IN.

_’
% DIAM.

Figure 10. Probe Geometry

Probe Mounting Hardware

The test facility we used has a variable position sector capable of traversing 25
degrees in either direction for a total sweep of 50 degrees. Yet, for a complete cali-
bration of the probe, a range of 0 through 80 degrees is necessary. Consequently, we
constructed two stings (see Figure ll1): a 15-degree bent sting for low angle measurements
from -10 to 40 degrees angle of pitch, and a 55-degree bent sting for high angle measure-
ments from 30 to 80 degrees angle of pitch., In addition, both stings were designed to
permit the tip of the probe to pivot about a fixed point in the center of the tunnel.
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LLLLLL L L L L L L L L L Ll
TUNNEL WALL

FLOW
-25° TRAVERSE
LOW ANGLE STING
-10* < § < 30" PRUBE ANGLE
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-
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PIVOT \\ - 15°
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*:\ / / “~t.
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& /
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[ 1’4 o
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Figure 11. Sting Geometry

This insured uniform flow over the tip, despite changes in the angle of pitch.
Referring to Figure 12, each sting has 36 holes drilied in the front face. These

holes are evenly spaced at l0-degree intervals and circumscribe a complete circle in

roll. In thas way, roll angle is accurately set by engaging the alignment pin on the

probe holder with the alignment hole on the sting's face.

Data Point Selection

Since there are a total of 35 discrete roll angles, we are allowed to test six dif-
ferent roll angles in each outer sector. This is the primary reason why we chose the
6 x 6 Latin Square. Although the technique of Lactin Squares allows us to conveniently
sample large data sets, there are some drawbacks associated with seven-hole probe cali-
bration. Primarily, we can no longer test the entire range of data and then allocate
the data to a given sector based on the highest port pressure. Instead, we must deter-
mine beforehand which points will be rested and the sector they belong to. As a result,
we are forced to draw the angular cutoffs for each sector without knowing where they
actually lie.

In terms of angle of pitch, experience with incompressible calibrations has shown

that 30 degrees is the smallest angle at wnich almost all points still fall in the outer
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INCIDENCE SETTING
BLOCK

STING
~N

INDEX MARK

PROBE /97 ALIGNMENT HOLES

ALIGNMENT PIN
PROBE HOLDER

Figure 12. Probe, Holder, and Sting Assembly

sectors. Consequently, we selected 30 degrees as the lower limit of high angle measure~
ment. And to match the number of roll measurements with an equal number of pltch settings,
we measured pitch from 30 to 80 degrees in 10-degree incréments for the outer sectors.
Specifying the roll angles fér each sector, however, presented some difficulties. Assum-
ing a perfectly constructed probe, the outer sector boundaries, formed by the isobars
between two adjacent peripheral ports, are coincident with a roll angle on which data

is taken. This predicament is illustrated in Figure 13a for sector four. In this exam-
ple, it is uncertain whether the points along the ¢ = 330 degrees line belong in sector
four or five, or whether the points on the ¢ = 30 degrees line belong in sector three

or four. To resolve this problem, we rotated the probe 5 degrees and then permanently
fixed it to the holder in this position. From Figure 13b we see that the isobars have
shifted off the points and that each sector has six clearly defined roll angles. Realis-
tically, the probe is not constructed perfectly, causing the isobars to deviate from
their ideal positions. But even so, the isobars can deviate up to 5 degrees in either
direction before the points of one sector fall in another sector. At this point, one
might ask 1f the probe can be accurately calibrated with the given offset. In actuality,
the offset makes no difference. Since only the probe was rotated, leaving the index
mark of the probe unchanged, the calibration process will interpret the pressures in
terms of the roll angle set Sy the index mark. An alternative to the offset technique
would use the roll angles between those presently measured (i.e., 5, 15, 25 ... 355
degrees); however, this is an option we chose not to take.

Now that we've determined the angular coordinates of the data points to be taken in
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PROBE OFFSET “
5° CLOCKWISE ]
POSITION OF 1

INDEX MARK !
UNCHANGED ,

L

A, Probe and ilolder B. Frobe and Holder
Betore 5-Degree Uffsec After 5-Degree Offset

Figure 13. Probe and Holder Before and After Offset for Sector Four

the outer sectors, it's time we considered the inner sector. Since we cannot evenly
represent the inner sector with a square matrix in ** and °, we simplv covered the parame-
ter space with an even densicy of 36 dara points. The values of pi:zch angle were 8,

16, and 24 degrees, with ro!l angles selected to insure a uniform distribution. The 6 x 6

Latin Square matrix was then systematically filled with these ordered pairs. Although
data were taken in terms of pitch and roll, these angles were converted to angles of attack

and sideslip prior to calibraction calculations.

A. Typical Quter Sector (Sector 5) B. Inner Sector
Figure 14. Distribuction of Data Points
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Since the angular coordinates of all data points are xnown, the last task is to
determine the Mach number at which each is sampled. The Mach numbers for each of the
six letters in the Latin Square of Figure 9 are: A, M = 0.37; B, M = 0.45; C, M = 0.53;
D, M = 0.66; E, M= 0.77; F, M = 0.91. The resulting distribution of data points, and
the Mach number each was tested at, can be inferred from Figure 14, which depicts the

inner sector and a typical outer sector.

Test Procedure and Software

The experiment was conducted in the 1 x 1 foot blowdown wind tunnel at the United
States Air Force Academy. All pressure measurements were made with a Scanivalve Corpor-
ation Model T Scanivalve and pressure transducer, calibrated by a Wallace and Tiernan
sonar manometer digital U-tube. Data were collected and reduced by a Digital PDP 11/45
computer and LPS-11 Laboratory Peripheral System.

Before anvy data were taken, the test conditions had to be set for each run. Angle
of pitch was set first with a Gunner's quadrant. The gquadrant was clamped to the sting's
incidence setting block (refer to Figure 12) and set to the desired angle of pitch minus
the angle of the elbow on the sting (either 15 or 55 degrees). Next, the sector was
hydraulically positioned to level the quadrant. Since the sector normally has a tendency
tc drift between runs, we froze the mechanism by driving it against blocks. Shims were
used to fine tune the adjustments. Using this technique, the pitch was set to within
*0.0!112 degrees of the desired angle, and without drift. Once set, the pitch was not
changed until all points at that angle were taken. The roll angle was set by pulling
the <pring-loaded probe forward to clear the alignment pin, then rotating it to the de-
sired setting and eangaging it into the new position. For a complete 360-degree revolu-
tion, the probe was first rotated counterclockwise (as viewed from the front) from 0O
to 180 degrees in 10-degree increments. Next, it was rotated clockwise to the 190-~degree
position. And finally, the probe was rotated counterclockwise from 190 to 350 degrees
in 10-degree increments. This subjected the tubes to a maximum twist of 180 degrees.
After setting the roll angle, the tunnel was closed by a hydraulic ram and bolted shut.
Mach number was then set by manually adjusting the tunnel's inner geometry with a series
of hand cranks on the outside of the tunnel.

Prior to each run, the above variables were verified and input into the computer
by a program titled TRISHP. Once the input conditions were set, air was blown, and after
a few seconds to acquire steady-state conditions, data were recorded. Following this,
the tunnel was reopened and the process repeated for a new data point. Typically, each
run took about ten minutes to set up. Consequently, tests ran for over a week to acquire
all 252 data points,

After all data were .aken, a second program titled TRICAL pertformed the matrix opera-
tions, determined the calibration coefficients, and estimated the accuracy of the poly-

nomial expansions in fitting the known data. Having done this, the probe calibration
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is complete,

V. Discussion

The primary purpose of this experiment is to create a power series curve fit which
accurately determines the actual flow conditions from pressures measured on the probe.
The best way to evaluate the performance of the curve fit is to analyze the standard
deviations between the experimental data and the polynomial determination of those data.
These standard deviations are presented in Table 1. In additior, the standard deviations
obtained from past incompressible calibrations are included in Table 2 for comparison
(Ref. 1).

From Table !, the standard deviations of a

R S NP

T and BT are 0.78 degrees and 0.72 degrees

respectively. Although these values appear to be quite good, they are significantly

aabiine .

Table 1 ]

STANDARD DEVIATIONS
COMPRESSIBLE FLOW CALIBRATION

INNER SECTOR OUTER SECTORS
E |
SECTOR . SECTOR AVERAGE !
EXPRESSION EXPRESSION 1-6
o(a) 0.78° a(8) 4.27°
9(65) 0.72° () 0.57°
o] a
_(fﬁ)___ 2.5% ___(zO_L)__ 5.7%
Por = Pay, PoL ™ Par |
iiiﬂ;i;ffkl 1.4% iiiﬂk;;ffkl R4 4
PoL = Por, PoL, ™ Pap,
o (M) 0.006 (M) 0.061

higher than those obtained from the incompressible calibrations. Specifically, the in-

compressible flow calibrations produced standard deviations of 0.42 degrees for an and
0.36 degrees for BT. Similar variations are also noted in the percent errors of total
" and dynamic pressures. Yet, when we recall that the incomnpressible calibrations used

a fourth order power series with 80 data points per sector and the compressible calibra-

tion used a third order power series with only 36 data points per sector, the slight

differences are quite understandable. Still another measure of curve-fit accuracy
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Table 2

STANDARD DEVIATIONS
INCOMPRESSIBLE FLOW CALIBRATIONS (Ref. 1)

Average of Inner Sector [Average of 6 Outer Sectors
EXPRESSION Std. Dev. EXPRESSION Std. Dev.
g(ag) 0.42° 3(8) 0.84°
o (By) 0.36° c(¢) 1.17°
0(PoL)__ 0.62% CJ(poL)__ 1.22
PoL - PmL PoL - P”L
"For ~ P 1.0% °PoL = Fuy) 2.4%
PoL - PJ’L PoL - P“L
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' Figure 15. Isolines of C, and C; versus U and BT for Low Angles at Low Mach Number
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in the inner sector is apparent from Figures 15 and 16.

isolines of C, and Cz plotted against . and °r with Cy held constant.

T

Both of these fiyures depict

Figure 15 pre-

sents this information for a low Mach number, with Figure 16 representative of a high

Mach number. In both cases, the isolines of the coefficilents are nearly straight and

relatively orthogonal to each other, implving a linear dependence on their respective

angle and independence to the other angle.

~
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down as we exceed the limits of our experimental data.

out the inner sector.
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These properties, however, begin to break

Figure 16. Isolines of C; and Cy; versus Oy and ST for Low Angles at High Mach Number

But since the boundaries of the
experimental data coincide with the inner-outer sector interface (see Figure 17), data
points lying outside the inner sector's experimental boundary will fall into the outer

sectors. Consequently, tne accuracy in determining flow properties is uniform through-

In the outer sectors, the average standard deviation of the error in calculating ¢

i8 0.57 degrees for the compressible calibration and 1.17 aegrees for previous incompres-
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3 .
O sem .+ 1 g ¥ SECTORDIVISION 1S0BARS
350 ¢:0 10° z ) ——|deal
- —-- Actuol

Figure 17. 1Ideal and Actual Sector Boundaries Based on
the Highest Probe Measured Pressures

sible calibrations. Judging from Figure 17, one might expect the average standard devi-
ation of ¢ for the compressible calibration to be substantially greater than that for

the incompressible calibrations, because the actual boundaries of sectors one through

four do not coincide with the ideal boundaries for which the calibration was made. Al-
though this phenomenon is entirely consistent with the manufacturing anomalies associated
with probe construction, the actual boundaries cannot be determined in advance and, there-
fore, cannot be taken into account in a calibration scheme using the method of Latin
Squares. Nevertheless, despite the actual locations of the sector boundaries, the stand-
ard deviation in ¢ for the compressible calibration agrees favorably with its incompres-
sible counterpart. The reason for this is shown in Figure 18. Even though Figure 18

is based on data taken from incompressible calibrations, it is representative of seven-
hole probes in general. That is, the coefficient of roll continues to behave linearly,

or in a way that can be represented easily by a polynomial, slightly beyond the isobaric
sector boundaries. As such, the effect of using data within 10 degrees in roll from

the selected boundaries, as Figure 18 suggests, does not have an adverse effect on fitting

the data. Consequently, the disagreement between the actual and ideal sector boundaries
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] : SECTOR |
4 .\ !
1
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for v = 84 Deprees

Despite the small error in calculating the rcll angle,
when compared to the 0.84-degree standard error of previous
sented in Figure 19, which depicts a typical ovuter sector.
the shape of the Cn versus 9 curve iooks much like the lift
Figure 20 illustrates such a curve for sector one, based on

from incompressible probe calibrations. The reason why the

is evident after examining the two pressures comprising the

of pitch. According to Figure 20, the center port pressure

the suction breaks and the pressure begins to increase. As
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Figure 18. Incompressible Data Showing C4 versus ! in Sector !

of Figure 17 does not significantly influence the determination of roll angle.

the standard deviation of

the error in calculating pitch augle at 4..7 degrees is unacceptably high, especiallv

incompressible calibrations.

The actual variation between the experimental data and its polynomial prediction is pre-~

From this illustration, we can

see that the greatest error in determining the pitch angle occurs at high angles of attack.

This occurs as a result of the polynomial's inability to fit the actual data. Typically,

curve of a stalling airfoil.
the extensive data available
curve hooks over as it does
numerator of the coefficient

decreases with increasing

angle of pitch. Beyond some point, a suction develops at this port, causing the pressure

there to dip below the free stream static pressure. But near 80 degrees angle of pitch,

this occurs, the slope of

the Cp, curve approaches the slope of the Cp, curve. Once the two slopes are equal,
the rate of change of the numerator is zero, causing the slope of the coefficient of
pitch also to be zero. No calibracion may be made beyond this point, because each value

of Cq then corresponds to two values of 6. And since & is a function of Cq» the poly-
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Figure 19. Three-Dimensional Data Set Showing Correlation Between

Experimertal and Polynomial Data for Sector 5

85




USAFA-TR~81-4

COEFFICIENT OF PITCH,
CO (dimensionless)

}

INCOMPRESSIBLE CALIBRATION DATA '

o -
J - R

]
1

Cpq (dimensioniess)

COEFFICIENT OF PRESSURE,

]
N
1

SECTOR 1, ¢ =180° P o—~e ——
'
3o o«
v
g A
@
./ °
o
/
P -P
® Cs __'__Z‘.’_
/// | ﬂ" Eh+ 6
® 2
S
/
0 l\"‘r——*‘r‘ T T T T =
30 40 S0 60 70 80 90
Cry o O e et
~e
Ce, .\0\. ~0wg.
Bt )
FJ\I‘T T ‘\\. T Y T T m
30 40 \.\ 60 70 80 90
o ANGLE OF PITCH, 6 (deg)
N
’~
Py - P °_
C%’P T—— ®
L R” ‘\‘\\\. t [
“:Et..\ | ’//
.'-q.

Figure

20. Mechanism for the Breakdown of Linearity in the Coefficient
of Pitch at High Angles of Attack

86

- o L




USAFA-TR-81-4

nomial can only calculate one unique value of 9 for a given value of Cy;. Therefore,
based on the information presented in Figure 20, we would expect to be capable of cali-
brating the probe out to 80 degrees angle of pitch. This was indecd the case for the
past incompressible calibrations, but not the case in our compressible calibration, as
Figure 19 vividly points out.

The failure of the calibration at high angles of pitch is most likely the result
of probe geometry. Specifically, the half angle of the probe used in our compressible
calibration is 25 degrees (see Figure 10) as opposed to the 30-degree half angle of the
probes used in the incompressible calibrations. This steeper half angle was incorpor-
ated to permit a closer approximation of total pressure (as measured bv the peripheral
ports) at high angles, in the hope of extending the range of calibration beyond 80 degrees
of pitch. However, this reasoning overlooked the effect increasing the half angle would
have on the central port. That is, a steeper half angle requires the flow passing around
the probe tip to turn through a greater angle, causing the suction over the central port
to break at a lower angle of pitch. Consequently, the slope of the coafficient of pitch
levels off earlier, limiting the calibration to a pitch angle below 80 degrees. But
even as this theoretical upper limit of the calibration {s approached, the breakdown
in linearity of the coefficient of pitch with increasing angle of pitch forces the poly~
nomial to work harder to fit the data. Since at high angles of attack small changes in
the coefficient of pitch result in large changes in the angle of pirch, a small mismatch
between the actual data and the polynomfal curve fit translates into z large error as
Figure 21 illustrates. Thus, as a result of the difficulty in fitting the actual data
near the theoretical limit of calibration as established by the probe's geometry, the
calibration appears to be limited to an angle of pitch below 80 degrees.

To confirm these suspicions, we ran a second data reduction, excluding all 80-~degree

pitch data. The standard deviations of the truncated data set are displayed in Table 3

Co : POLYNOMIAL FIT
"’”.—
-
bt EXPERIMENTAL
TN
LARGE
| 4 g
1. smac, | ERROR
ERROR |
¢ el
/ 8
/
/7
/

Figure 21. Limitations of Third Order Curve Fit
at High Angles of Attack
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Table 3

STANDARD DEVIATIONS
COMPRESSIBLE FLOW CALIBRATION

—
INNER SECTOR OUTER SECTORS
(8 = 80° Data Truncated)
SECTOR ; SECTOR AVERAGE
EXPRESSTON _ EXPRESSION 1-6
() 0.78° o (8) 0.79°
I (i) 0.72° 0(¢) 0.39°
o(p a(P
\ "LL_ 2.5% __(__9.1_-_)._ 1.1%
PL = Par P = Pur
- a
o = P 1.4% Por = Pur) 4.1%
oL ~ P“’L POL - PmL
o(M) 0.006 a(M) 0.022

and reflect a significant decrease in the error associated in calculating the experimen-
tal quantities. For example, the standard deviation in calculating pitch angle went
down from 4.27 degrees to 0.79 degrees. The correlation between the data points of sec-
tor five alsc improved dramatically and is depicted in Figure 22. However, one must
keep in mind that since the 80-degree points were removed from the data set, the data
set is no longer as accurately represented, That is, in addition to losing the 80-degree
data, we also lost an equal number of associated roll angle and Mach number data. Never-
theless, the greatly reduced staadard deviations support our contention that for our
probe in the vicinity of 80 degrees, the third order curve fit is incapable of accurately
fitting the data.

VI. Conclusions and Recommendations

The polynomial expansion in three variables accurately extends the calibration of
seven~hole probes intc the compressible regime. Based on the reasonably close cnrrela-
tions between the standard deviations of past incompressible calibrations and the stand-
ard deviations of the compressible calibrations, the method of Latin Squares furnishes
a sample space which accurately represents a much larger three~dimensional parameter

space. Finally, the third order curve fit accurately represented the parameter space

88

M'J"-‘ A

"




r - ‘w—-——— ————
y
USAFA-TR-81-4
KEY
Experimenta
Polynomic Mach Number
Prediction —_ —— Polynomial Predicti
of (¢,8) ® 91 (78) of Mach Numrber' or
# = 50°
. Experimental
$=3000 Volue of (4,9)
o0 |
45(.45 :|.9 66 53(53 7(37 277
,.70—-0 ().9(|)‘ (.66) (5)03(3). (77)
o ®
D
2z
o s3052) | e6leo) o 77076) |99 e 4s(aq) | 3703
=
a
[T
66(66) |.37(37) 19185 |.77(79) |.53(54) | 45(45)
8 0 —¢ ( 4 X 2B ® 4
J
(0]
3
a7 53(54) 37(.36) 45(45 91(.96) 66(64)
40 __e o ° ( . (.45) . ( 956!
ot( 91 T77(78) _I.45(.45) 37(37) g .66(63) ‘_53(.55)
30 g o . o2 e .
I | |
270 280 290 300 30 320
ANGLE OF ROLL, ¢ (deg)
Figure 22. Ttrree-Dimensional Data Set Showing Correlation Between

Experimental and Polynomial Data for the Truncated Data Set of Sector 5
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out to an angle of pitch of 70 degrees, burt fell completely apart when required to fit the
data extending to 80 degrees angle of attack.

It is recommended that an additional Latin Square be run in an outside quadrant.
A set of calibration coefficients can then be detcrmined using that Latin Square of data
only; the same should be done with the original square. The results can then be examined
to see how well the calibration coefficients of one square determine the values of the
other square and vice versa. Close correlations should establish beyond a reasonable
doubt the validity of a Latin Square in representing a parameter space. Next, both Latin
Squares should be combined to determine another set of calibration coefficients, which
in turn can be used to see if more data points significantly improve the degree of fit.
Lastly, using the combined set of data points, extend the calibration to a fourth order
polynomial and examine it to see if the addition of the fourth order terms significantly

improve the degree of fit up to 80 degrees angle of attack.
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Symbols

Ay the ith value of a particular data point, where A is either
atT, Br, Cy, or Cq for low angles and 2, ¢, Co,, or an for
high angles

AEXPi the ith value of the experimentally known value of A

APOLYi the ith value of the polynomial predicted value of A

CMn n=i-7 coefficient representative of compressibility effects

Co apparent total pressure coefficient for low angles

Con n=1-6 apparent total pressure coefficient for high angles

Cq apparent dynamic pressure coefficients for low angles

Eqn n=l-7 average value of the apparent dynamic pressure coefficients
for a given sector

an nwl-6 apparent dynamic pressure coefficients for high angles
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Cpn

Ca

C“n

n=1-7

n=1-6

n=1-6

n=1-20

coefficient of pressure (arrived at by nondimensionalizing
an individual port pressure)

angle of attack pressure coefficient for low angles

intermediate pressure coefficients used to determine Cy
and Cg

angle of sideslip pressure coefficient for low angles
pitch angle pressure coefficient for high angles

roll angle pressure coefficient for high angles

calibration coefficient, where A denotes the parameter to
which a particular set of K's belcng, and n denotes the
particular term of the calibration coefficient in the poly-
nomial power series expansicn

Mach number of free strean

local Mach number

pressure at port ''n"

total pressure of free stream

local total pressure

static pressure of free stream

local static pressure

average of pressures | through 6

local velocity componeats with respect to probe

local velocity with respect to probe

angle of attack

angle between probe axis and velocity vector projected on
vertical plane through probe's x-axis

angle of sideslip

angle between probe axis and veloclty vector projected on
horizontal plane through precbe's x-axis

total angle between velocity vecter and probe's x-axis
ratio of specific heats
angle between the plane containing the velocity vector and

the probe's x-axis and the x-z plane measured positive clock-
wise from port number four as viewed from the front

standard deviation
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SEVEN-HOLE PROBE DATA ACQUISITION SYSTEM

G. Sisson*, T. Bolick**, F. Jonas**

Abstract

This paper describes the computer software (programs) used in
conjunction with the seven-hole probe. The complete data acquisition system
includes the seven~hole probe, a computer-driven traverse mechanism,
computerized data acquisition equipment, and computer graphic displays.
I. 1Introduction

The USAF Academy and NASA-Ames Research Center have conducted a joint
research effort over the past three years which has resulted in a new means
of surveying aerodynamic flow fields. A newly invented seven~hole probe was
used to measure pressures and velocities in the wake of wind tunnel models
as part of this effort (Ref. 1-3). With this flow field information the
ajrcraft designer can improve aircraft designs, increasing range .
performance, handliig characteristics, and overall mission performance.

Flow field or wake surveys are not new. They have been performed for
years with different types of instrumentation such as hot-wire anemometers,
pitot tubes, four- and five-hole probes, and laser doppler velocimeters and
anemometers. Each typé of instrumentation has inherent advantages and
disadvantages. The seven—hole probe is a new form of instrumentation that
capitalizes on high data rates, ease of use, low costs, and an excellent
range of applicability.

The first seven-hole probe surveys (Ref. 1) resulted in the
measurement of local total, static, and dynamic pressures to within 5

percent accuracy (95 percent confidence level) ard local flow angles to

within +2 degrees (95 percent confidence level) for incompressible flows.

*Hewlett-Packard, Ft. Collins, Colorado
**Captain, USAF, Department of Aeronautics, DFAN
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These results were very impressive. Nevertheless, certain improvements were
possible.

The extension of the probe calibration to compressible subsonic flows
(Ref. 3) was one such improvement. This is very significant for two
reasons. One, most aircraft spend the majority of their flight time in this
regime; and two, even in an incompressible flow field, wakes can be
produced which exhibit compressibi;ity.

The computer programs used in the survey technique (Ref. 2) placed
many limitations on the user; thus another area for improvementi was
identified. The final data was not available while the wind tunnel was
still running, making data validation difficult. The data was always
collected at uniformly spaced points in the flow, which resulted in
abnormally large run times or unusually sparce data sets. Thus, real time
or on-line data analysis was not possible, resulting in longer test
programs to identify pertinent flow field phenomena. In addition, the
computer inputs were very cryptic and the programs were not reusable due to
poor programming techniques and lack of program documentation.

This report discusses improvements to these computer programs that
3lleviate these limitations. The complete program docunentation follows in

the appendices for the seven-hole probe data acquisition system.

II. Discussion

Data validation was a problem with the old software. Four computer
programs were executed in sequence to generate a plot which would tell the
user if all the electrical and pneumatic connections for the experiment
were correct. A schematic of this procedure is shown in Figure 1. The

second program, TOPWING, was the only one that used the wind tunnel
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PROGRAMS DATA FILES

\

<
/
\
/

VOLCAL

TOPWNG

CCEF7

Coonta>

SCALAR

Figure l. Schematic of 0ld Software

apparatus. Because wind tunnel schedules are always tight, it was very
tempting to run this program over and over until all necessary wind tunnel
data was collected. Only then could the data be reduced, plotted, and
analyzed. On more than one occasion the data proved to be erroneous or
invalid because of changes in the electrdical and pneumatic connections
during the test.

The solution to this problem was to make a single computer program
perform the same functions of the previous four programs. This single
program could then be made to include data reduction and display while the
test was being conducted, thus allowing on-line data analysis. Any data
anomalies could then be detected immediately; allowing the user either to
retake the data 5r inspect the instrumentation. However, a single program
proved to be impossible, as it required too much space in the computer (RAM

or core memory).
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The new software consists of three programs that use a common data

file format. These three programs are linked together through system level

control language command files, thus abbreviating core storage

requirements. The result is that the user sees on.y one task instead of

BEGIN

|
1

? START MENU

Copy Nuil
File To

DATAIN.DAT|

Get/Change Menu
Description for
Plotting Program

D —
T END MENU

1 START GRAFS

Copy Existing File
ToOATAIN.CAT

|

Mark Any Points
That Wi Be
Overiayed As
invisibie

l

Data n Desired
Volume & Add it
To File~Out File
is OATAOUT

1

Take 100 Points oll

END CMPSHP

Detete Old DATAIN
& Make DATAOQUT
New CATAMN

Oraw the Graph

as Requested

END GRAFS

'

To Name
User Desres |

'

3

Copy Nuil
File as
Memy File

i

Figure 2. Compressible Seven~Hole Probe DAS Schematic
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several independent tasks. This is illustrated in Figures 2 and 3, which

show the flow for data acquisition tasks and for the separate plotting

Figure 3.

‘

Get Name of File
To Plot—~Copy
in To
DATAIN.DAT

Get Name & Copy
it To MENU.DAT

®—=| stant venw

Build/Modity
Menu File for
Oesiced Graph
END MENU
START GRAFS

Do Desired Plot
as Specified in
MENU.DAT

* Yeos

Get Name & Save
a Copy

Plots Program Schematic
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tasks respectively. The complete program listings are in Appendix A. The
first program, CMPSHP, performs the functions previously done by VOLCAL,
TCPWING, and COEF7. It allows the user to specify the volume of space to be
sampled using a three-degree-of ~-freedom traversing mechanism (Ref. 2). The
data is then acquired in the defined space and reduced to pressure
coefficients, angles, and velocity ratios. The second program, MENU, is a
highly interactive program, which allows the user to define the desired
graphic display of the data. The third program, GRAFS, uses the description
provided by MENU and produces the desired graphic display of the data. The
data can be displayed as contour and/or axonometric plots of the scalar
data, and/or vector plots of the cross-~flow velocity data. These last two
programs, GRAFS and MENU, perform the same logial function as the old
SCALAR program, but with an enhanced user interface and greater
flexibility.

Using the old software, the seven-hole probe was positioned at points
in a rectangular grid which had nearly uniform spacing hetween points, as
shown in Figure 4. This was the most efficient spacing without a priori
knowledge of the location of the pressure and velocity gradients in the
flow. Nevertheless, it meant collecting ; large amount of data in small

grids for both the uniform flow and the gradient regions. This condition

—

Figure 4. Uniformly Spaced Grid
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was far from optimum from a data collection point of view. What was

required was a non-uniformly spaced grid which concentrated points in
regions of interest, as shown in Figure 5. Thus, the software was modified
to display this non-uniformly spaced data as a series of grids. In
addition, these grids were allowed to overlap so that two or more might
cover the same positjon in the plots. This allowed more flexibility in
collecting the data and still did not require an a priori

knowledge of the location of major flow field features. Data acquisition is
thus accomplished by first examining a widely-spaced grid. After examining
the data, a newer, denser grid is then specified by the user to cover only
those regions where more detail is required. This procedure can be repeated

as many times as is required to get the necessary resolution. This is what

Figure 5. Non-Uniformly Spaced Grid

is meant by interactive data collection.

Although this technique solved the problem of non-uniformly spaced
data, it caused another: which data should be used at a point where more
than one grid is defined there? The obvious and perhaps best solutiocn would
be to average the data. The new software, however, does not perform any
averaging in the interest of saving time and space. Instead, the points in

the previously defined grids are marked as invisihle by the newly defined
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grid, as shown in Figure 6, and illustrated in Appendix B.

With the previously discussed modifications, the new software provided
for interactive data collection and plots of the data available within
seconds after the data collection was completed. It was a simple,
inexpensive, and highly accurate means of flow visualization, which
provided quantitative results for many aerodynamic flow proper >. The

software still suffered one major flaw, however, in that it was not

ORIGINAL GRID
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Figure 6. Multiple Grid Display with Invisible Points

user~-oriented. The keyboard input section of the display pfogram was a
series of questions. Running this program {requenlly required answering
these same questions many times. This created a situation for possible
errors and turned out to be a source of frustration for the user. Improving
the input section of the display program was solved by moving all the
question and answer software to the MENU program. The user responses were

then written out to a scratch file, which was read in when the MENU program
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was next executed. This data is then displayed on the computer terminal
screen, and the user is free to change any parameter in any sequence. When
the parameters displayed are what the user wants, a null input (no change
desired) signals the program to plot the data. If the plot required is to
be the same as the last one, then only a null input is required. This is
much faster and less error-prone than the old approach. In addition, this
allows the user to check his input parameters constantly. Thus, moving all
the user input software to the MENU program has the added benefit of making
the remaining display software a fixed reuseable unit, a sort of macro
subroutine. This user interface is shown in Appendix B, exactly as
presented to the user.

Finally, the software is sufficiently general enough to serve as a
framework for use with other flow field measurement devices such as
hot-wire anemometers or the four- and five-hole probes. Very little
modification would be redﬁired to the existing software for these devices.
In addition, a standard data file format, as shown in Appendix C, has been
defined to standardize the acquisition and recording of experimental data

for use in these programs.

ITII. Conclusions

In conclusion, the highly successful seven-hole probe flow survey tech-
nique has been improved through software modifications to allow:

a. interactive dgta collection in regions of interest

b. user-directed specified non-uniformly spaced data grids

¢. the time required to collect and analyze data to be reduced
In essense, the process has become a computer-aided flow visualization system,

user-oriented enough to allow one to perform wake surveys without expert

intervention.
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APPENDIX A

This appendix contains complete and documented listings for the fol-

lowing programs used in the seven-hole probe data acquistion system:

a.

b.

CMPSHP

MENU

GSUBS

COMCAL

FILEIO

GRAFS

Al
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COMFRESSIRLE FLOW SEVEN HOLE FRORE DATA ACQUISITION FROGRAM

A A R A R X R N R R R R R R A A S R R R R R R R R R R A R AR RN

THIS FROGRAM 1S UESIGNED TO FERFORM DATA ACQGUISITION AND
RELDUCTION OF DATA TO EEZ TAREN WITH A SEVEN HOLE FROEE.

THE INFUTS AND QUTFUTS OF THE FROGRAM ARE A5 FOLLOWS:

FILE *"DAaTAaIM.DAT* IS5 THE INFUT DATA FILE., IT CONTAINS ANY

[lATA THAT MAY HAVE ALREADY REEN TAKEN IN THE AXIAL LOCATION
FLANE TO WHICH WE WISH TO ADD MORE DATA. THE DATA IS STCRED IN
THE STANDARD [F&aN DATA FILE FORMAT. EACH RECORD HAS 20
DIMENSIONS AS DEFINED KELOW. THERE ARE 120 DATA FCINTS TG

EACH FILLANE OF DATA CONSISTING OF L0 LINES OF 1¢ POINTS EZACH,

FILE *"DATAQUT.DAT' IS THE QUTFUT DATA FILE. IT WILL CCNTAIN
EVERYTHING THAT WAS IN "DATAIN.DAT® AND THE DATA THAT WILL

RE TAKEN DURING THIS RUN. HOWEVER, ALL DATA FOINTS THAT WERE
IN *DATAIN.DAT® THAT WILL BE OBSCURED (COVERED UF/CVERLAYED)
BY LOCATIONS IN THE DATA TAKEN DURING THIS RUN WILL NOW BE
MARKED AS INVISIBLE. THE DATA IS5 STOREL IN THE SAME FORMAT AS
FOR *"DATAIN.DAT®, -

FILE *"TARE.DAT® IS BOTH AN INFUT AND AN QUTPUT FILE, DEPENDING
ON THE RESFONSE OF THE USER. IT WILL INITIALLY BE A NULL FILE
INDICATING THAT TARE DATA (AMFLIFIER ZERO CONDITIONS) MUST BE
TARKEN, THIS DATA WILL BE OUTPUT TO A NON-NULL °TARE.DAT® FILE
WHICH WILL BE USED THE NEXT TIME AROUND. OLD TARE DATA MAY

BEZ IGNORED AND MEW TARE DATA TAKEN AT THE REQUEST OQF THE USER.
FILE *TARE.DAT® HAS ONLY ONE RECORID WITH 12 ENTRIES, ONE FOR
EACH INFUT/QUTFUT DATA VALUE,

COOOGOOOoO0OSLUOGOONOOo0O000000c0 000

for

e

FILE *CPROERE.DAT® IS THE DATA FILE THAT CONTAINS THE CALIERATION
COEFFICIENTS FOR THE COMFRESSIBLE SEVEN HOLE FROBE. IS IS A#
INFUT FILE FOR THIS PROGRAM. "

EACH DATA FOINT IN *DATAIN.DAT® AND "DATACGUT.DAT® HAVE THE
FCLLOWING 20 DIMENSIONS IN THE ORDER SHOWN:

ENTRY ODESCRIFTION

Y LOCATION ~ INCHES
Z LOCATION -~ INCHES
VISIBLE (0=YES, 1=NO)
ALFHA - DEGREES
BETA -~ DEGREES
ALFHAT - DEGREES
BETAT - DEGREES
THETA - [DEGREES

C FHI - DEGREES

10 CTOTAL

11 CSTATIC

122 Cah

13 Ch

14 cQ

O GOoOOONo O oo

[y Nay
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15 CZERD

1é COYN

17 CcH

12 RMACH

19 U YELOCITY COMFONENT
29 Y VELQCITY COMFONENT

DATA DECLARATICNS SECTION

RSCR(S0) - ZERO(12),CAL(12)»STRAF(12),

KALFHA{Z7 s 20) yKBETA(7920 rKQ(7+20) yKZERG{(7»20) s KMC7,2C)

REAL KALFHA»KBETA,KQsKZERQ,KHM

LOGICAL%X1 STITLE(20)sL3CR(10s,20)»DLARBEL(10,20)LTITLE(S0;

LOGICAL EOF

IIRTA FRESETS AREA

NAMES/LABELS FOR EACH DIMENSION
DATA DLABEL/ Y 97 797 ‘5’ ‘9" 'y
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LIST OF ALL YARIABLES TO EXTRACT FROM I

GET THEM ALL

DATA IDLIST/1+2:3943519697189F910918912:13914915516+17912919,2

DATA YES/’'Y'/

CALIBRATION COEFFICIENTS FOR THE AMFLIFIERS AND A/D CONVERTORS
LOCATION,
F4y PS, F&» P TOTAL, P STATIC» P7, VERTICAL
TEMF» DESIRED VERTICAL LOCATIONs DESIRED HORIZONTAL

THE ORDER IS AS FOLLOWS: HORIZONTAL (2)

DATA CAL/10.,1,2872,1.2229,1,218651.2007,1.2736+»1.2Z267

101487'100955’102218'100110.’

STRAFPING VYOLTAGE FOR ALL AMPLIFIERS - ALL AT +/-

DATA STRAF/12%1./
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NUMBER OF DIMENSIONS IN A DATA FOINT IS 20

DATA ND/20/
DATA EOF/.FALSE./
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: C FORMAT STATEMENTS
C
- C e b st bt 4t Fv b b bR a4 4 E SRR HE LR RS PR LERRESTEESEEEE4E
- C FORMAT STATEMENT FOR FIRST HEADER RECORD OF STD FILE FORMAT
11 FORMAT(S1S)
- 12 FORMAT(’ U0 YOU WANT TO RETAKE TARE/AMFLIFIER ZERDO LATA? CY. M1
: 13 FORMAT (AL
14 FORMAT(’ THE FRESENT DATA TITLE IS:’/2Xs4a0al/
P 1 * [0 YOU WISH TO CHANGE IT?")
: 15 FORMAT(’ ENTER DATA TITLE (40 CHARS MAX) ‘)
145 FORMAT(40A1)
( 17 FORMAT(’ START TUNNEL AND' ENTER RETURN WHEN READY
18 FORMAT(’ ENTER ATMOSFHERIC FRESSURE (IN~HG)’)
19 FORMAT(F10.G}
pe 20 FORMAT(’ COORDINATE FAIRS ARE (VERT,HORIZ) )
) 2 FORMAT(2F10.0)
22 FORMAT¢” ENTER LOCATION OF LOWER LEFT AND ENTER RETURN’)
L 23 FORMAT(’ ENTER LOCATION OF UFFER LEFT AND ENTER RETURN’) :
' 24 FORMAT(’ ENTER LOCATION OF LOWER RIGHT AND ENTER FETURN’) T
25 FORMAT(’ ENTER LOCATION OF UFFER RIGHT AND ENTER RETURN’) g
( 25 FORMAT(’ LOWER LEFT:’»2F10.3+»/s’ UPFER LEFT: +2F10.3+/> :
1 * LOWER RIGHT!’»2F10.3s/+' UFFER RIGHT:’ +2F10.3+/+ <
2 * ARE THESE LOCATIONS CORRECT?’) -
C o e R T 22222222 2 L S
c -
C MAIN FROGRAM CODE STARTS HERE 3
c 2
C YTy T R T I P TR Y F T R T TN T S R R R P Y Y Y 12111
c GET THE CALIRBRATION COEFFICIENTS FILE AZ3IGNEDN TO THE FROGRAM ,
o CALL ASSIGN(2,’/[152y2ICPROBE.DAT  »17) $
CALL FDESET(2y READONLY s, +7) 3
IEFINE FILE 2(7+2565UyIREC) i
L r GET &4LL OF THE CALIEBRATION COEFFICIENTS
IREC=1
NG 1000 I=1,7
C READ(2/IREC) (KALFHA(I»J)»J=1,20),
1 (KBETA(I s J)sd=1,20)>
2 (KQCIs )y d=1920)>
( 3 (KZERO(I»J)sd=1420)r
3 IKMCIsd) +J=1+20)
10600 CONTINUE
r WE ARE DONE WITH THE CALIBRATION COEFFICIENTS DATA FILE
~ C CLOSE AND RELEASE IT
CALL CLOSE(2)
c GET THE LPS-11 LABORATORY FERIFHERIAL SYSTEM ASSIGNED TO UNIT 1
~ CALL ASLSLN(1)
c GET THE INPUT DATA FILE ASSIGNED AND ALLOCATED TO THE FROGRAM
CALL ASSIGN(2s‘DATAIN.GAT’,10)
~ CALL FDBSET(2,’0LD’»s’SHARE’)
c GET THE OUTFUT DATA FILE ASSIGNED AND ALLOCATED TO THE FROGRAM
o CALL ASSIGN(3, 'DATAOUT.DAT’,11)

CALL FDBSET(3s "NEW’»’ SHARE")
C GET THE TARE/AMPLIFIER ZERO DATA FILE ASSIGNED AND ALLOCATED
CALL ASSIGN(4, ' TARE.DAT’,»8)
CALL FORSET(4,'0LD’» " SHARE’)
READ THE TARE DATA FROM THE FILE - IF END OF FILE IS5 ENCOUNTEFRED
THEN WE MUST TAKE TARE DATA - IF NOT THEN TARE DATA IS CFPTIONAL
AT THE REQUEST OF THE USER
READ(4,END=1100)ZERO
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GIVE THE USER THE OFTION TC RETAKE THE TARE DATA
WRITE(S»12)

READ(S» 13)ATARE

IF THE ANSWER WAS NOT YES THEN SKIF TAKING TARE [ATA AGAIN
[F (ATARE.NE.YES) GO 70 1200

TAKE TARE/AMFLIFIER ZERO DATA NOUW

CONTINUE

CALL TARE(ZERO,STRAF)

WE NO LONGER WANT THE INFUT TARE FILE S0 CLOSE aND RELEASE I7 :
SINCE IT I5 NOW OBSOLETE WE WILL WANT TO MAKE A NEW OMNE
CALL CLOSE(4) 4
ASSIGN AND CREATE A NEW TARE DATA FILE TO CSNTAIN THE JUST
ACQUIRED AMFLIFIER ZERO DATA

CALL ASSIGN(4y'TARE.DAT’+8)

CALL FIOBSET(4y 'NEW’ s SHARE’)

WRITE THE NEW [ATA TO DISKN

WRITE(4)ZERD

CONTINUE

NOW WE ARE THRU WITH THE TARE FILE COMFLETELY SO RELEASE 1IT
CaLL CLOSEC(4)

IT IS NOW TIME 7O SEE IF THE INFUT DATA FILE WAS A NULL FILE
OR IF THIS RUN IS ADDING DATA TO AN EXISTING FILE. Ir IT

IS A NEW RUN THEN THE TITLE MUST BE INFUT, IF IT IS A
CONTINUATION RUN THEN WE WILL TELL THE USER THE TITLE AND
ALLOW HIM TO CHANGE IT IF HE S0 DESIRES.

READ THE FIRST RECORD - IF END OF FILE THEN GO 70 GET TITLE
READ(2,11»END=1300)MND/NFsNLyNGsNLAT

GET THE REST OF THE HEADER RECORDS FRUM THIS GRID» INCLULDING
THE TITLES.

CALL GETHDR(Z»MND,NI,yIDLIST,LSCR»DOLABREL,STITLE,LTITLE,EQF)
QUTPUT THE TITLE TO THETUSER - SEE IF HE WANTS T0 CHANGE 1T
WRITE(S»14)(LTITLE(J)»J=1,40)

READ(S,13)ATITL

IF THE USER [DOES:'T WANT TO CHANGE IT THEN GO TGO THEN NEXT STEF
IF (ATITL.NE.YES) GO TO 2000

CONTINUE

ASK FOR AN[I READ IN THE 40 CHARACTERS FOR THE TITLE
WRITE(S,13) N

READ(Ss16)(LTITLE(I)»I=1,40)

MAKE THE TIME AND DATA THE LAST 20 CHARACTERS 'OF THE &0
CHARACTER TITLE ARRAY

CALL TIME(LTITLEC(41))

CALL DATE(LTITLE(49))

CONTINUE

TELL THE USER 7O START THE TUNNEL AND HIT °*RETURN' KEY

WHEN HE IS READY TO CONTINUE

WRITE(S917)

CLOSE THE INFUT DATA FILE AND GET IT REASSIGNED SO WE ARE i
BACK TO THE START OF THE FILE. NORMALLY THIS WOULD SIMPLY

EE A REWIND STATEMENT BUT THAT ISN’T WORKING ON SEQUENTIAL

DISK FILES ON THIS SYSTEM AT THE PRESENT TIME. THIS DOES

THE SAME THING,

CALL CLOSEC(2)

CALL ASSIGN(2, DATAIN.DAT »10)

CALL FORSET(2,70LD’ ¢+’ SHARE"’)

MOWL WE WAIT FOR THE USER TO SIGNAL THAT HE IS READY TO CONTINUE
READ(S,135AG0

NOW WE ASK FOR THE ATMOSPHERIC FRESSURE READING IN INCHES OF
MERCURY WHICH WE WILL THEN CONVERT TO FSIA USING THE CONSTANT

FOR MERCURY AT THIS ELE%QTION AND TEMPERATURE,

£191dod 1usuinIdAONY QN v’un NAINNO 1ot




WRITE(S»13:
o~ READ(T»12)FATH
FATM=FATMX.3292
210¢ CONTINUE

. C TELL THE U4SER THAT COORDINATES ARE TO BE ENTERED AS FAIRS
© [N THE ORIDER (VERTICALIHORIZONTAL) WHERE THE COORIDINATE IS
C A LOCATION IN INCHES FRCHM THE USER ANI TRAVERSE DESIGNATED
P C ORIGIN,
) WRITE(S,20)
C ASK FOR COOROIMATES FOR THE LQWER LEFT CORNER OF THE FLANFE
- WRITE(S,22)
) FEAD(S s 21)0XX 1) sYY (1)
C ASK FOR COORIDINATES FOR THE UFFER LEFT CORNER OF THE FLANE
Ve . WRITE(S,23)
* READ(S»21)XX(2)sYY(2)
C ASK FOR CO“RDINATES FOR THE LOWER RIGHT CORNER OF THE FLANE
( uRITE(ur-
READ( 21)(%’1)yYY(3)
C ASK rDR COORDINATES FOR THE UPFER RIGHT CORNER OF THE FLANE
( WRITE(S,29)
READ(S s 21)XX(4)»YY(4)
C NOW THAT WE HAVE THE COORDINATES ASK THE USER TO VERIFY THAT HE
( c HAS ENTERED THEM CORRECTLY.

WRITE(S»28) ((XXC(IYsYY(I))rI=1s4)
READ(S,»13)A0K
C C IF THE COORDINATES ARE NOT RIGHT THEN GO EACK AND TRY AGAIN
IF (AOK.NE.YES)GO TO 2100
3000 CONTINUE
NDW WE FROCESS THE DATA THAT EXISTS (IF ANY) ON THE INFUT DATA
FILE., EACH FLANE/GRID OF DATA IS FROCESSED AND ANY DATA POINTS
THAT ARE COVERELD BY THE NEWLY DEFINED FLANE/GRID WILL HKE MARKE
AS INVISIBLE,. THEN THE-DATA WILL RE OUTPUT TD THE OUTFUT DATA
FILE TO WHICH THE NEW DATA WILL RE AFFENDED A LITTLE LATER,

DWUIDA0ND QN t’uo nasnno.idan
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GET A GRILI/FLANE OF DATAs 20 DIMENSIONS FER FOINTs 100 FOINTS
CALL GETGRL(2/ND,ILDLIST»100sLSCRIRSCR,LSCRyLSCRyDLABEL
1 DAT/NFsNLYNGsNLATSEDF)
IF THERE IS NO MORE DATA TD FROCESS THEN CONTINUE TO THE NEXT
STEFP IN THE FROCESS - €O TO_ACQUIRE THE NEW FLANE OF DATA
IF(ECFYGO TQ 3100
C C DETERMINE IF ANY FQINTS IN THIS FPLANE SHOULL PE MARKED AS
c INVISIBLE BECAUSE THEY ARE CONTAIMED IN THE NEW FLANE.
C THIS ROUTINE MARKS FOINTS INVISIHLE AS REQUIRED.
CALL CNTAIN(NFPNLsOAT XXsYY)

r~

a0

~ c NQW THAT ANY FOINTS THAT ARE CONTAINED HAVE BEEN MARKED AS
C INVISIBLEs WE OQUTPUT THE FLANE OF DATA TO THE QUTPUT FILE
C AND 3EE IF THERE IS MORE DATA ON THE INFUT FILE TO FROCESS.
CALL FUTLINC(I/NDsNPyNLINGINLATsSTITLE,LTITLE,DLAREL,DAT)
GO TO 2000

3100 CONTINUE

> NQW WE HAVE FROCESSED ALL THE DATA FROM THE INPUT FILE AND ARE
£ ALMOST READY TO TAKE THE DATA FOR THIS NEW PLANE., FIRST WE
U c DEFINE OUR FLANE AS 10 HORIZONTAL LINES OF 10 FOINTS EACH.
NP=10 '
NL=10
c NOW WE MARK ALL POINTS IN THE NEW FLANE AS VISIEKLE,
~ DG 3200 I=1,100

DAT(3+1)=0.
3200 CONTINUE
c NOW WE USE ROUTINE BLINE TO DETERMINE THE LOCATION oF
c EACH DATA POINT IN THE PH@NE.
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CALL BLINECNFINLsDAT»XX5 YY)

MOW WE TAKNE THE DATA FOR THIS FLANE - THE DATA ACQUISITION

ANDL REDUCTION CALLS ARE FART OF THE TAKRED ROUTINE.

CALL TARREIZ(NFINLsDAT»ZEROrSTRAF 1 CALFATHM:
KALFHASKBETA»RKQIKZERDO P KM)

NOW THAT THE DATA FOR THIS FLANE HAS BEEN TAKEN AND REDUCED:

WE QUTFUT IT TO THE OUTFUT DATA FILE WITH THE OTHER DATA

ALREADY THERE FROM THE INFPUT DATA FILE.

CALL FUTLINCIINDsMFsNLYNG+1sNLAT»STITLESLTITLE,DLABELYDAT)

WE NO LONGER NEED THE INFUT LDATA FILE SO RELEASE IT.

CAaLL CLOSE(2) .

WE NO LONGER NEED THE OQUTFUT DATA FILE S0 RELEASE IT T0O0.

CAaLL CLOSE(3)

WE ARE THRU WITH THE LATA ACQUISITION AND REDUCTICN OF A FLANE

QF [ATA SC TERMINATE THE FROGRAM,.

STOF

END

CEEFFLFFAEE R P44t EF 4L 4443435333353 0820425044

THIS ROUTINE IS USED TO TAKE THE AMFLIFIER ZERO DATA
FOR ALL THE TRANSIDUCERS.

CEEBE R4 43444t F 4444 E 444 LR E 4L R4 2344

a0

00

OO0O0GOO00O00

20

SUBRROUTINE TARE(ZEROsSTRAF)

ARRAY ZERO WILL CONTAIN THE AMFLIFIER ZERO VOLTAGES
ARRAY STRAFP COMNTAINS THE STRAFPPING VOLTAGE FOR EACH CHANNEL
DIMENSION ZERO(12)ySTRAF(12)DATACLD)

CLEAR THE AMFLIFIER ZERO ARRAY

no 10 I=1,12

ZEROC(I)=0. -

CONTIMUE

CALL THE DATA ACQUISITION SUBROUTINE - IT ACQUIRES THE
ACTUAL VOLTAGES FOR EACH ANALOG TO DIGITAL CONVERSION
CHANNEL THAT WE ARE INTERESTED IN,

CALL TAKDAT{(DATA,ZEROs»STRAP)

THERE ARE CERTAIN CHANNELS THAT DO NOT USE AMFLIFIERS
AND FOR WHICH THE AMPLIFIER™ ZERQO ENTRY MUST BE ZERO.
THESE ARE AS FOLLOUWS:

ACTUAL HORIZONTAL LQCATION

ACTUAL VERTICAL LOCATION

DESIRED HORIZONTAL LOCATION

DESIRED VERTICAL LOCATION

TEMPERATURE

MOVE THE AMPLIFIER ZERO VALUES THAT WE NEED INTO THE ARRAY
Do 20 I=2,10

ZERC(I)=DATA(I)

CONTINUE

RETURN

END

CEEREEFEF 2433244324444 4332444443048 3 4034333432024 0244

OO0 G

THIS ROUTINE COMFUTES THE LESIRED LOCATION OF ALL 100 DATA
FOINTS BASED ON THE LOCATION OF THE 4 CORNERS DEFINED IN
ARRAYS3 XX AND YY. THE DATA FOINTS ARE FROM MINIMUM TO

MAXIMUM HORIZONTAL VALUE FOR EACH LINE AND EACH LINE IS
FOR A GREATER YERTICAL VALUE THAN THE FREVIOUS LINE
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SUBROQUTINE BLINEIMyMsyOAT XXsYY)
N I3 THE MUMEER 0OF FCINTS FER LINE
M IS THE NUMEER OF LINES FER FLANE
AT IS THE [DATA ARRAY
Y IS THE 4 HORIZONTAL CORNER LOCATIONS ARRAY
YY IS THE 4 VERTICAL CORNER LOCATIONS ARRAY
r DIMENSION DAT(20,100) ¢+ XX{d)rYY (4,
. C IMITIALIZE THE UATA FOINT INDEX
K=1
Vs C COMFUTE THE HORIZONTAL INCREMENT
' UINC=1./FLOATI{N-1)
c COMFUTE THE WERTICAL INCREMENT
‘. VINC=1,/FLOAT(M-1)
) C CLEAR THE VERTICAL INCREMEMT VALUE
V=0.
( c QR EACH LINE IN THE PLANE FROCESS THE LOCATIONS
00 20 J=1+M
C CLEAR THE HORIZONTAL INCREMENT VALUE
U=0,
¢ c FOR EACH FOINT ON A LINE - COMFUTE THE LQCATION
00 10 I=1sN
C COMFUTE THE VERTICAL LOCATION
DAT(LsRK)=(1-UDXK(1-UV)XXX{1)+(1-U) VXXX (2)
1 FURCL=-UIRXX(3) TUXYUXXX(4)
C COMFUTE THE HORIZONTAL LOCATION
DAT(2yK)={1-UDX(1-VI)XYY(1)+(1=-U)%VXYY(2)
1 FUXCLI=-V)XYY (3)TUXUXYY (4)
c INCREMENT THE DATA FOINYT INDEX
K=K+1
Cc INCREMENT THE HORIZONTAL INCREMENT VALUE
3 U=U+UINC -
10 CONTINUE
c INCREMENT THE VERTICAL INCREMENT VALUE
U=Y+VUINC
20 CONTINMNUE :
RETURN |
END ‘
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N THIS ROUTINE DETERMINES IF EACH OF THE 1900 DATA FOINTS
IS CONTAINED IN THE EOUNDARYS OF THE NEWLY DEFINED FLANE,

o
c
C
T YT P Y T F S PR P S F R R T Ry FF E R FF T RS EE TR FEY RN ENT)
SUBRQUTINE CNTAIN(NsrsDAT I XX YY)
N IS THE NUMBER OF FOINTS FER LINE
M IS THE NUMBER OF LINES PER FLANE
[aT IS THE DATA ARRAY
XX IS THE HOFIZONTAL CORNER LOCATIONS ARRAY
¥Y IS THE VERTICAL CORNER LOCATION ARRAY
DIMENSION DAT(20,100) s XX{A)sYY(4)
' u LOGICAL NAREA
* ) c SET UF THE DATA FOINT INDEX
? K=1
c FOR EACH LINE IN THE FLANE FROCESS THE DATA FOINTS
0o 10 J=1+M
FOR EACH FOINT IN A LINE FPROCESS THE DATA FOINT
| po 10 I=1,sN
c COMFUTE THE SLOFE AND INTEgCEFT INFORMATION FOR
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THE LINES THAT MAKE UF THE FOUR SILES OF THE FLANE,
AL=CXXCL)=XX(Z)) /7YY (L) =YY (2))

A2 (XX(2)=XX{4) 0 /7¢YY(2)=YY(4))

ASECYY (L) =YY (20 /(XX (1) =XX(2)Y)
Ad=(TIY(3) =YY 41D/ {XXI3)-XX(43)

Bl1=XX{1)-AlxTY (1)

B2=XX{2)-A2X%YY (D)

E3=YY (1) -a3%XX (1)

Ba=YY(3)-A4%kXX(3)

SEE IF THE DATA FOINT IS TO THE LEFT OF THE FLANE
X=&41xDAT(2sKN)+EL

IF S0 THEN IT 1S NOT CONTAINED

IF (X.GE.DAT(1,yK>)GO TO 190

SEE IF THE DATA FOINT IS TO THE RIGHT OF THE FLANE
X=A2XDAT(2yK)+B2

IF SO0 THEN IT IS NOT CONTAINED

IF (XLLE.DAT(1sK)IG0 TO 10

SEE IF THE DATA FOINT IS BELOW THE FLANE
X=A3XDAT(1,K)+B3

IF SO THEN IT IS NOT CONTAINED

IF (X,GE.DAT(2,K))GO TO 10

SEE IF THE DATA FOINT IS AROVE THE LINE
X=A4XDAT (1K +B4

IF SO THEN IT IS NOT CONTAINED

IF (X.LE.DAT(2,K)>G0 TO 10

THE DATA FOINT MUST EBE INSIDE THE FLANE - MARK AS INVISIELE
DAT(3I,K)=1.

h=K+1 -~

RETURN )

END
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THIS ROUTINE CONTROLS THE ACTUAL DATA ACQUISITION AND RELDUCTION

OF DATA FOINTS TAKEN WITH THE SEVEN HOLE FROBE IN COMFRESSIELE
FLOW.

(SRR R R e e R s R S R SRS S22 S22 2220222222222 2 2

SUBROUTINE TAhRED(NyHrUAT;ZEFDvSTRQPrCAL,PATHr
RALFHASKBETA»KQsKZERO»RKM)

N IS THE NUMEBER OF FOINTS FPER LINE

M IS THE NUMBER OF LINES FER FLANE

DAT IS THE DATA STORAGE ARRAY

ZERC IS THE TARE/AMFLIFIER ZERO DATA ARRAY

STRAP IS THE AMPLIFIER STRAFFING VOLTAGE ARRAY

CAL IS THE CALIERATION CONSTANTS ARRAY

KALFHAs KBETAs KQr» KZEROs KM ARE THE SEVEN HOLE

FROBE CALIBRATION COEFFICIENTS FOR COMFRESSIBLE FLOW.

DIMENSION TATA(12),ISB(2)
DIMENSION DAT(20+,100)+ZERO(12)+STRAF(12Y»CAL(12),

KM(7520) s KALFHA(7920) sy KBETA(7»20) yKZERO(7»20) s KQ(7» 20
REAL KALPHA'KBETAYKZERO,KQ@sKM
THE ISERF FUNCTION COMPUTES THE INDEX OF A DATA FOINT SO THAT
THE TRAVERSE TRAVEL FROM ONE FOINT TO THE NEXT IS MIMINIZED.
ISERF(MyN)=MOD(M+ 1y 2)X(1OXMEL-N)+MOD (M, 20K (10KM=-10+N?
QUTFUT THE LOCATION OF THE FIRST DATA FOINT FOR THE USER
THIS WAY HE CAM CHECK THAT ALL IZ WELL BEFORE TURNING
THE TRAVERSE MECHANI3M FROM MANUAL TO AUTO
URITE(SvBO?)DAT(l)l)93AT(%1&)
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. 8937 FORMAT(’ FIRST DAT& FOINT: VERTICAL='»F12.3,

1 ’ HMORIZONTAL='HF10,3)
C FOR EACH LINE CF DATA IN THE FLANE - FROCESS THE FOINTS
DC 20 '=1sM
e~ C FOR EACH FOIMT I A LINE - FROCESS THE FOINT

09 206 I=1n
i GET INDEX QF THE NEXT DATA FOINT
K=ISEFF(Jsi:
C MOYE THE TRAVERSE HMECHANISM TO THE LESIRED LOCATIONM
CALL MOVEC(DAT(2yK)sDAT(L1K))
c WAalT 1 SECOMD FOR CONDITIONS TO STARILIZE
CALL WAIT(1,2,I%K)
c CALL THE DATA ACQUISITION SUEKROUTINE TO ACTUALLY READ THE [ATA
C CAaLL TAKDAT(DATA,ZERO,STRAF)
’ 0ng 10 I11=1,12
10 DATACIIY=DATACII)xCAL(II)

C C REFLACE THE DESIRED LOCATTION WITH THE ACTUAL LOCATION p
DATC L) =0ATA 1) f
DATC(2,sK)=DATACLL)

C C REDUCE THE DATA TAKEN WITH THE COMFRESSIEBLE SEVEN HCLE FROEKE

CALL COMCAL(OsDATAsNALFHA'KBETAYKQyRKZEROsKMsFATM»DAT(4+K)

DAT (SR v DAT(SsRI v BAT(7sK) s DAT(BsK)»yDAT(FyK) sy DAT(10,K) »
DATC(LLsK) vy DATCL2sK) s DATCLIPR) yDAT(14 K s DATCLIS s K) s DAT (162K )y
DATC(17K)»DATCLIEsRKYsBAT(19sK) »DAT(20,K))

20 CONTINUE
C RETURN

END
C######t##*#*#*#'*########f%#f#t###*#t######*##f#’#f#####f#####*###**##
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C .
c THIS ROUTIME LOES THE ACTUAL DATA ACQUISITION THRU THE LFS-11
ANALOG TO DICITAL CONVERTORS,

¢ ode

)

c
c
c
o R R R A A N R I 2 Y I I R Y F S Y RS YT SY SIS IIEITTY.
SUBROUTINE TAKDAT(X,»ZCF+STRAF)
DIMENSION X(12)sSTRAP(12)ZCF(12)
c FOR EACH OF THE 12 CHANNELS QF DATA TO BE ACQUIRET
- B0 2000 It=1,12 -
I=11
c IF THIS IS THE ELEVENTH CHANNEL THEN ACTUALLY ‘USE CHANNEL 0
IF (I1.EQ.1151I=0
c SET THE DATA TO ZERO INITIALLY
RDATA=0.
c TAKE 10 SAMFLES AND AVERAGE THEN
g 1900 J4=1,10
c GET THE VALUE OF THE VOLTAGE IN DIGITAL FORM
o 1500 CONTINUE
CALL ADC(IsDATA)
: c CONVERT IT TO A VOLTAGE
4 DATOUT=((((DATA/54.,)/2047 . .S)XxSTRAFP(I1))~STRAP(I1))
c CHECK FOR DATA 0OUT OF RANGE
DATA=DATA/ 64,
IF ((DATA.GE.4095.,).0R.(DATA.LE.0.))G0 TO 1700

c ADVISE THAT THE CHANNEL VOLTAGE VALUE WAS OUT OF RANGE
WRITE(S5,1600) I
GO TO 1500

1500 FORMAT(1Xs ' TAKDAT: CHANNEL ‘+02s’ OUT OF RANGE")
1700 CONTINUE

RDATA=RDATA+DATOUT
1900 CONTINUE

All




DATOUT=RDATA/10.

~ X<I1)=DATOQUT-ZCF(I1)
2000 CONTINUE

RETURN
. END
CREXRKXEKEEIEIKE LKA KKK KKK KKK KKK KKK KKKKKAT KKK KKK KKK R KA FRR Rk KKK
C THIS SUBROQUTINE EXFECTS THE HORIZONTAL TRAVERSE FOSITICNM
c ON A/D INFUT CHANNEL 0 AND THE VERTICAL TRAVERSE FOSITION
C ON A/0 INFUT CHANNEL 1. THE 'H® OQUTFUT CAERLE CONNECTS TO
C THE HORIZONTAL DRIVE AND THE *V* QUTFUT CAEBLE CONNECTS TCO
C
C
(o

THE UVERTICAL URIVE. THIS CHANGE AND COMMENTS ADDED EY
CAFTS EOLICK AMD SISSON ON 27 MAY 30.
ARKKKKKIOR KKK KKK KKK KK IOKARK KKK KKK KKK AR KRR K IOR KKK KR KRR KKK KKK K
SUBROUTINE MOVE(Z:Y)
DIMENSION W(2)sF(2)>DEL(2)»IRBUF(3)sIRATE(D)
DIMENSION ISE(2)yFL{2)sCA(2)sCR{2)sVC(2YsAV(D) }
SET THE LIMIT FOR USING MAXIMUM DRIVING VOLTAGE TO 3 INCHES
FOR EOTH HORIZONTAL AND VERTICAL 4
CA(1)=30
C Ca(2ry=3,
c SET FRACTIONS FOR COMFUTING DRIVING VOLTAGES INSIDE OF I INCHES
CB(1)=9.,/15,
( CR(2)=9./19,
VCC1)=13./19.,
VC(2)=12./15.
- c SET DESIRED HORIZONTAL POSITION
C F(1)Y=2
C SET DESIREL VERTICAL FOSITION
P(2)=Y
c SET THE COMPLETE FLAG FOR BOTH TO ZERO
D0 S I=t,y2
o FL{I)=0, -
5 CONTINUE
C CHECK LOCATION AND SET DRIVE VOLTAGE FOR ROTH
: 15 pg 35 I=1,2
e C THE ANALOG CHANNELS ARE 0 AND 1 FGR HORIZONTAL AND VERTICAL
C AXIS DRIVES RESFECTIVELY
I1=I-1
b C SET CURRENT POSITION TO ZERO
V(I)=0, )
TAKE A 4 TIME AVERAGE SAMFLE OF THE LOCATION
00 16 IAa=1:,4
CALL ADC(I1,AV(I)»1,ISB)
156 V(I)=V(I)+AV(I)/131072. :
V(IY=U(I)/4.,
IF AN ERROR WAS ENCCUNTERED ADVISE THE USER
IF(ISB(1).NE.1)WRITE(5,908)I5K(1)
COMFUTE THE DELTA DISTANCE RETWEEN ACTUAL AND DESIRED LOCaTIONS
DELC(I)==((V(I)/1.-1.0%X10,-P(I))
IF GREATER THAN +3 INCHES AWAY - USE MaX FOSITIVE YQLTAGE
IF(DEL(I).GT.CACI))GO TO 20
IF BETWEEN O AND + 3 USE PROPORTIONAL VOLTAGE KASED ON UELTA
IF(DEL(I).GT.0.)G0 TO 25
IF BETWEEN 0 AND - 3 USE FROPPRTIONAL YOLTAGE BASED ON DELTA
IF(DEL(I).G6T.-CA(IY»)GO TO 30
MUST KE GREATER THAN ~ 3 INCHES AWAY» 30 USE MAX NEGATIWE DR IVE
IRUF(I+4)=INT(2047.5-YC(I)%2047.5)

PN N

S

™
oo

C191dod 1B uIAAOT €N A iin naannnd

GO 7O 3%
20 IBUF(I+4)=INT(2047.54+VC(1)%X2047.,5"
GO TO 35
25 IBUF(I+4)=INT({1,4CRB(I)I+(VC(I)=-CB(I))XDEL(I)/CACI) 42047 .5}

A12 o
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GO TO 33
~ 30 TEUF (I+4=INT (1.~CEBCIV+(VC(I)-CEC(I)IKDEL(I)/CALI %2047 .5)
~ c IF THE DELTA DISTANCE IS LESS THAN .01 INCHES THEN WE
c MUST SET THE COMFLETE FLAG AND STOF THIS DRIVE
IF(ARS(DEL(I)).GT..01)G0 TO 2S
FL(T =1,
IBUF{I+4)=2043
. 35 CONTINUE
) C SET UF TO ORIVE THE DIGITAL TO ANALOG CONVERTORS ON THE LFS-11
IRATE(1)=2
pa IKATE(2) =1
' 35 IRUF (?)=TIEUF(5)
IRUF(8)=IKUF(4)
OUTFUT THE VALUE TO THE D-TC-A DRIVERS
- CALL SDAC(IEBUF,8s14sIRATEs7»0,2sI8Es1)
IF AN ERROR WAS ENCOUNTERED - TELL THE USER
‘ IF(ISRP(1).GT. 1 WRITE(S:907)ISR(1)
c IF BOTH COMFLETE FLAGS AFE SET THEN CHECK FOR ACTUAL COMFLETION
IF(FLC1)+FL(2).ER.2) GO TO S5
( C G0 AND SEE IF WE ARE CLOSE ENOUGH TGO STOF YET
GO TO 1S
c CHECK ON THE FINAL FOSITION AGAIN AND CLEAR COMFLETE FLAGS
55 Do 75 I=1,2
I1=I-1
CALL ADCC(I1»V(I)>s1sISK)
( DEL(I)==((Y(I)/131072.,-1.)%10.~-F(I))
- 75 FL(I)=0,
> IF BOTH ARE WITHIN .01 FHEN THEY ARE WITHIN LIMITS
0 IF(ABS(DEL(1)}.LT..01.AND.ABS(DEL(2)).,LT..01)G0O TO Sé
c AT LEAST ONE I3 OUT OF LIMITS - GO MOVE IT AGAIN
GO TO .9
0 56 CONTINUE -
907 FORMAT(’ SDAC ERRUR “»14)
908 FORMAT(’ MOVE ADC ERROR ‘»I4)
. c INSURE THAT EOTH DRIVES ARE STOFFED
- IF (IBUF(5).NE.2048)G0 TO 910
IF (IBUF(&).EQR.2048)G0 TQ 999
910 CONTINUE
- c AT LEAST ONE DRIVE WAS NOT STOFFED - STOF THEM AND
c GO TO RECHECK THZ FOSITIONS
TRUF (5)=2048
- IBUF(4)=2043
IBUF(7)=2048
IBUF(8)=2048
CALL SDAC(IEUF+8+16+IRATE»710,2»ISKs1)
GO TO 1S
299 CONTINUE
- I BEOTH DRIVES WERE STOFPED BUT WE WILL INSURE IT EBY SETTING
c THE DRIVE VOULTAGES TO ZERO ONE LAST TIME
CALL SDAC(IRUF»B+169IRATEr7+0,2sISEs1)
RETURN
END
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THIS FROGRAM IS USED TCQ BUILD THE °*MENU.DAT®

DAaTA FILE REQUIRED BY "GRAFS®, IF A MENU FILE
ALREATLY EXISTS THEN IT READS THAT AND WORKE

FROM THERE., OTHERWISE IS ASSUMES CERTAIN LEFAULTS.
THE USER IS ALLOWED TO MODIFY ANY FARAMETEFR SETTINGS
REFORE THY DATA I3 REWRITTEN TO DISK.

22 R R R I R R R R R A R A AR R R R R R R RS R 222222222 220

DATa DECLARATIONS AREA

SR PRSP

C
c
»
C
C
C
C
C
C
C
C
C
C
c
c
C
C

Y YT 223222 230 130222223 2 232 T 2 121 1332221711
LOGICAL#L DLARC10+5: 1
LOGICALX1 DLAREL:10s20)yLSCR(200)+STITLE(20)LTITLE(SO»TITLE (6D
LOGICAL NOCHGsEOF sy MNMXyDEFALT

DIMENSION IDLIST(I) LAT(S,100),X(50)
CHEEE44 3443385344320 4 3443354343334 5444432363384 343334382324

FORMAT DECLARATIONS AREA

OOaonoo

CHEIHSF23 332044 E 4560434444355 F 2424444422222 444 283384482322 08420

UTHIDAONY I’ uo Dannnoeadang

101 FORMAT(’ ENTER FLOT OFTION: O=CONTOUR, 1=AXONOMETRIC,
1 * 2=CR0OSS FLOW")
162 FORMAT(F10.0) _ 2
103 FORMAT (- YOU MAY FLOT ANY OF THE FOLLOWING QUANTITIES: ) =
104 FORMAT(S(1X»I2,1X510A1)) -
10S FORMAT (" 1.0FTION = 7"HF2,0¢/
1 ©2.TITLE = “»60ALs/
1 © 3.X AXIS ANGLE = "»F10.3s.
1 T 4,Y AXIZS ANGLE = "»F10.3+/ >
1 .2 AXIS ANGLE = »F10.3+/
1 66X MIN = "yF10.3+/
1 TLoX MAXY = s F10.39/
1 3.Y MIN = “+F10.3+/
1 9. MAX = L F10.3)
105 FORMAT(" 10, 7 VARIAEBLE = “sIZ2¢r7. ’7910A41)
107 FORMAT(’ ENTER NUMBER OF FARAMETER 7O CHANGE AND NEW’ '
1 © VALUE (IF APPROFRIATE)’)
108 FORMAT(IZ»FL10.0)
199 FORMAT (* ENTER NEW TITLE» 40 CHARACTYERS HMAX ")
119 FORMAT (40A1)
111 FORMAT (" 11.ZMIN = "»F10.3+/
1 ©12.ZMAX = Y 9F10.90/y
1 © 13.ZINC = ",F10.,5)
112 FORMAT(’ [0 YOU WANT A HARDCOFY FLOT?’)
112 FORMAT (AL
114 FORMAT (' L1.0FTION = “"4F2,0+/
1 ©2.TITLE = "9 40AL1/y
1 J.X AXIS ANGLE = ’»F10.3s/>
1 © 4,Y AXIS ANGLE = "yF10.3+/
1 5.2 AXIS ANGLE = "+F10.3+/»
1 6. X MIN = "HF10.3+/,
1 7 X MAX = "9 F10.39/
AlS
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11
11

119

—

- g

1

‘ 3.Y MIN ‘yF10.31¢/

©9,Y MAX ‘yF10.3s />

* 10,VECTOR LENGTH SCALE FACTOR = “+F10.3)
FORMAT(’ DATA XMIN - “+F10.2+/

 DATA XMAX = “9F10.2y./
* DATA YMIN = 7"sF10.3y/>
. DATA YMAX = ‘»F10.3)

FORMAT(" DATA ZMIN = ‘»F10.3+/»
‘T DATA IMAX = “»F10.3)

FORMAT(’ 14.Z SCALE FACTOR - “»F10.3)

FORMAT(’ D0 YOU WANT TO SEE THE DATA MINIMUM/MAXIMUM
* VALUES? [Y/N1")

FORMAT(AL)

CHEFHR 4442434444344 4444343353353 333 FH 343 L24 244440800 F8E02EE45

3w N B B |

.

c
C
C
c
»
C
c

Qo)

[}

290

IATA FRESETS AREA

CHERRH 333 E 3343424432444 4343544338535 3313443354224 50045043024

DATA YES/Z’Y'/
ODATA MAXSTIZ/100/+ND/S/LUN/T/

FEEFFFFEEEFFE LR FHHE 33 H 3444133432 IR LA EEEAELEE

MAIN FROGRAM CODE STARTS HERE

3 R IR e E T S R RS E SRR SRS IR IR T

CALL INITT(940)

DEFALT=.FALSE.

NOCHG=.TRUE. .

MNMX=,FALSE.

EOF=,FALSE.

CALL ASSIGN(2, "MENU.DAT’,»8)

CALL FURSET(2, READONLY’)

READ(2sEND=200)TITLE OPTIONYHRDCFPY»A1+A2»A3,A4,51952933+54,
XMINy XMAX s XINCYYMINs YMAXyYINC»ZMINs ZMAX s ZINC» IDLIST

IOFT=INT(OPTION)

WRITE(S,113) -

READ(Ss119)ANS

IF (ANS.NE.YES)MNMX=,TRUE.

CALL CLQOSE(2)

IF (MNMX)GO TO 1000

50 TO 810

EOQF WAS ENCOUNTERED ON MENU FILE ~ GET DESIRED OFTION

ANDI USE THE AFFROFRIATE DEFAULTS FOR THAT OFTION

CONTINUE

DEFALT=.,TRUE.

[DLIST(1)=2

IDLIST(2)=1

WRITE(Ss101)

READ(S,»102)0FPTION

IOFPT=INT(OFTION)

GO TO (300:,400,S00)I0FT+y

G0 TO 200

CONTOUR FLOT OFTION SELECTED

CONTINUE

AL=0.,

A2=90.

A3=0,

Al6
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N

o000

4090

500

§10

700

300

IDLIST(Z =10

IDLIST(4)=3

IDLIZT(Z)Y=11

G0 TQ 400

AXONOMETRIC FROJECTION FLOT SELECTED

CONTINUE

A1=0,

A2=120.

A3=90.

A4=0,

S1=1.

s2=1.

53=-1,

S4=0,

IDLIST(3:=10

IDLIST(4)=3

IDLIST(S)=11

60 TO 500

CROSS FLOW FPLOT SELECTED

CONTINUE

Al1=C,

A2=90,

A3=0,

A4=0.

S1=1.,

gS2=1.

§3=.5

S4=0.

IDLIST(3)=1¢%

IDLIST(4)=20C

IODLIST(S)=3

GET DATA MIMIMUM AND MAXIMUMS FROM THE DATA

FILE AND DETERMINE THE DATA INCREMENTS NECESSARY

TCO FLOT THE DATA -

CONTINUE

CAaLL CLOSE(2)

CONTINUE

CALL ASSIGN(3y ' IATAIN,IAT »10)

CALL FDESET(3, '0LD’y "SHARE")

DXMIN=999.

DXMAX=-999.,

DYMIN=9997.

IYMAX==-999,

ODZMIN=999,

DZMAX=-999.

CONTINUE

CALL GETGRD(LUNYNDyIDLIST/MAXSIZyLSCRyX»STITLE»TITLE»DLAR,
DAT»NF s NLyNGsNLATEQF)

IF (EQF)GOD TO 800

CALL MINMAX{DAT»DXMINyDXMAXyOYMINyDYMAX s DIMINOZIMAX

50 TO 700

CONTINUE

CALL CLOSEZ(3)

IF (DEFALT.EQ..FALSE.) GO TO 1000

XMaX=[IXMAX

YMAX=DYMAX

A17

ATLIAORY €O r’ o nannnadang
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IMAX=DIIZMAX

CMIMN=DXMIN

YMIN=DYMIN

ZHIN=DZIMIN

AM=XMIN

YM=THIN

IM=ZIMIN

Chll INCRHT(XM»XMAXsXINCY»Z, )

CALL INCRMT(YM,YMAX,YINCYS,.) !

CALL INCRMT(ZIMsZMAXsZINC,»10.)

XINC=AMAXI({XINC,YINC:

YINC=XINC 3

KMIN=XINCKXAINT (XM /XINC)

TMIN=YINCXAINT(YM/YINC)

CMIN=ZINCXAINT(ZM/ZINC?

IF (XMJLT O IXMIN=XMIN-XINC

IF (YMJLT O.)YMIN=YMIN=-YINC

KMAX=XMIN+S ¥ XINC 1

YMAX=YMIN+S, xYINC

IF (ZMINLLT.ZMI)IMIN=ZIMINFZINC <
CEEA3F443 4324323234240 443323284444 EF 4482442244444 E2 3430248 <

ODISFLAY FARAMETERS AND ALLOW CHANGFRS

OO00OO0n
A

CEEFHE 333 b2 R E B2 ERFFEE X33 F 2333233434233 3324544403235 FE$S
1000 CONTINUE
IF (OFTION.GT.1.)60 T3 2000
CaLL NEWFAG
IF (MNMX)>GO TO 10035
WRITE(S»11S)DXMINs IXMAX DYMIN, DYMAX
WRITE(S,115)UZMINs DIMAX
1005 CONTINUE
WRITE(SS10D)0FTION TITLE AL»A2 AT  XMINSXMAXy YMIN "MAX
WRITE(S»106)IDLIST(3)y (DLABCI»Zi»I=1910)
IF (QFTION.LT .1 UWRITE(S,111)ZMINYIMAXyZINC
IF (OPTION.EQ.1. JWRITE(S,117)83
WRITE(S+s107)
READ(S,103) IFARAMVALLU -
IF (IPARAM.EQ.,0)GO TQ 3000
GO0 TO (1010,1020,1030,1040,1050,1082+1070+1080»21S0)IFARAM
GO TO (1090,1120,1130,1140511580)IFARAM-YT
GO TO 1000
1019 CONTINUE
IOFT=INT(VALU) j
IF ((IOFT.LT.0).0R.(IOFT.GT.2)3GQ TO 1000
OFTION=ICOFT
GO TGO (300,400,500)I0FT+1
1029 WRITE(S»109)
READ(S,»110)TITLE

(RN B § (4T R PR PR R

Caardoon Jearg as

GO TO 1000
1030 Al=VALU

GO TO 1000
1047 A2=VALU

GO TO 1900
15350 A3=VALU

GO TQ 1000

1240 XMIN=VALU
NOCHG=.FALSE.
GO 70 1000

Al8




1070
1080
1570
1095
1120
¢ 1130
114¢
14
1150
(
1160
{
L 2000
C
C 2005
L
) 2010
C
.
2020
2030
- 2040
2050
'
2060
2070
2080

e _

(MAK=VALY
NOCHG=,FALSE,
GO 10 10¢0¢C
YMIN= g
NOCHG=,FaLSE.

30 T3 1090

CONTINUE

IV=INTUALLY

IF (¢IV.ET.O0) ANDLL STV LT,
WRITE(S»123)
WRITE(Sy 1Ca [LAREL

GO 70 1000

CONTINUE

IDLIST(S) =1y

GO 73 &10
InIN=UVALL
GG 70 10¢n

ZMAX=UALY

G0 YO 12092

ZINC=UALU

GO T3 7o

CONTINUE

YmAaX=UAaL

NJCHG=,FALSE.,

G2 70 19000

CONTINUE

33=Vald

658 1TQ 1000

CONTINUE T
CAlLlL NEJIYAS

IF (piNPX2G0 70 2008
URITE(S 113 DXMINSIXmAXy DYMIN, DYMAX

CONTInUE

WRITE(Sy 1LA)0FRTIONYTITLE»A1,A2,A3 XMINy XMAXy YMINYMAX 23
WRITE(S,1070

REALCSy108) IFARAM Y VALY

IF (IFARAM.EQ.0)GU TO 200C

G0 TU (2010»2020,2030+2040,205052040+2070,2080,20°CYI8ARANM
IF (IFARAM.EQ.10)G0 TO 2093

GO TO 20CO -

CINTINUZ

TOFPT=INT{(Va_U)

IF (CIQFPTLLTWO)LORGCIOQFT,WGT.2Y)G0 TO 2000

OQFTION=IOFT

GO TO (300s400+,500)I0FT+1

URITE(Sy109)

READ(S 110 TITLE

GO 10 2000

<1

[}
ra
~
oy
[}
[
Q
b
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I3}
€n

AL=UALY
GO 70 2000
A2=VALU
GO TO 2000
AZ=VALU
GU 10 2000
XMIN=VUaLU

NOCAG=.FALSE,
GO TO 2000
XMaX='/ALU
NOCTHG=.FALSE,
G0 T 200¢

r D pe i)
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B htilimnd

NOCHG=.FALSE.
30 TO 2000

2270 CONTINUE
TMAX=UALU
HMOCHG=.FALSE.
GO TO 20900

2075 CONTINUE
sI=VaALU
GO TO 2000

R I A R A R R R R R R R R R R R X R R R R AR 2RSS S SRR R

c
c
C CLOSE FILES AND WRITE NEW MENU.DAT FILE TO DISK
C
C
CEFFFEFEEESH B34 4404204542333 4 3334444453533 333243208444
3000 CONTINUE
IF (NOCHG)GO TO 31090
XM=XMIN
TH=YMIN

CALL INCRMT(XMr»XMAXsXINC»S.)
CALL INCRMT(YM,YMAXsYINC+S.)
XINC=AMAX1(XINCs»YINC)
YINC=XINC
XMIN=XINCXAINT (XM/XINC)
YMIN=YINCXAINT(YM/YINC)
IF (XM.LT.0.)XMIN=XMIN-XINC
IF (YM.LT.0.)YMIN=YMIN-YINC
XMAX=XMIN+S.XXINC -
- YHAX=YMIN+S.XYINC
31500 CONTINUE

CALL ASSIGN(2, ' MENU.DAT’+3)
C CALL FOESET(2s’NEW’y’SHARE’)
URITE(S,112)
FEAD(Ss113)KROCFY
WRITE(2YTITLEsOFTION'HRICFY»AL+A2+1A3sA4+S1,32,53:54,
: 1 XMINyXMAX s XINCsYMINs YMAX s YINC s ZMINS ZMAX s ZINCIDLIST
j CALL CLOSE(2)
; { CALL FINITT(G,»100)
| END
E I TR Y I ST TS TS ST E ST TSRS TSR IR SRS SES TR SR SRTSS IO Y

UﬂmmnmmmmwuqumWMMmmmm

PN

»

»

c

» THIS ROUTINE COMFUTES THE STANDARD INCREMENT FOR EACH AXIS
C . ’

C

C

T T T T PP TP S S ST U T S S TS TR TR
- SUBROUTINE INCRMT(XMINsXMAXyXINCyCOUNT)

DIMENSION FRACC(4)

DATA FRAC/0.1.3010299954,,4989700041 11,/
. - XINC=(XMAX~-XMIN) /COUNT
g A=ALOG10(XINC)
: WHOLE=AINT(A)
' FRACT=ARS (A-WHOLE)
IX=1
IF (FRACT.GT.FRAC(2))IX=2
IF (FRACT.GT.FRAC(3))IX=3
IF (A.GT.0)IX=IX+1
A=UHOLE+SIGN(FRACCIX) 1A)
YINC=10.%%A
RETURN

[P
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CRES4 b2 434454433t t5e s s tas st se 444844843334 28 3884038044

c
c

"
C
c
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THIS ROUTINE FINDS THE MINIMUM AND MAXIMUM VALUES
IN ARRAY DAT FIR Xr Yy AND Z.

BEEEE A E R R R H RS R P bR F L EAREF R R I IEERERETILES

SUBROUTINE MINMAX(DATyXMIN,XMAXy YMIN, YMAX ZMINyZMAX)

DIMENSION LAT(S,100)

0g 100 1=1,100
XMIN=AMINL(XMIN,DAT(1,1))
YMIN=AMINL(YMINSDAT(2,1))
ZMIN=AMINL(ZMINYDAT(3,1I))
XMAX=AMAX 1 (XMAX DAT(1,1))
YMAX=AMAXT (YHAXsDAT(Z, 1)
IMAX=AMAXL (ZMAX s DAT(3, 1))
CONTINUE

RETURN

END
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THIS ROUTIME CHECKS TO SEE IF X AND Y ARE
WITHIN THE LIMITS DEFINEL. IF NOT 1I7
SET THE VISIEBILITY FLAG TO INVISIELE.

GOoOagaoan o

CHEESF$FH SR04 4404000444353 2334484432832 3032414
SUBROUTINE LI“ITS(DATsNTOTsXMINyXMAX  YMIN  YMAXsIXsZMINyQFT)
DIMENSION DAT(Z,100)
00 100 I=1,NV0OT
IF (C(DAT(1»I) LT XMIN)OR.C(DAT(1+I) . GT . XMAX)IDAT(IXsI) =1,
IF ((DAT(2,I),LT.YMIN} .OR.(DAT(25s1).GT.YMAX)IDAT(IX»I)=1,
DATILyI)=DAT L, I)~XMIN
DAT(2y 1) =0AT(2,I)~YMIN
IF (OFT.EQ.1.)DAT(3+I)=DATI(2,I1)~-ZMIN

120 CONTINUE

RETURN
END

CEEFFFEFE24 4345434343444 3 4434333323444 444 344382832254

THIS ZURROUTINE FLOTS A SINGLE CONTOUR LINE

QOO0 oo

CEEEF R 3344444443333 3433443433443 344FHF2242 333333333225 2204
SUBROUTINE CONTOR(Ns»X1sY1s2Z1yV1,X2,Y2+,Z2,V2+X35Y3,Z39LINE)

c
C
c INPUT? -
c N NO. OF VALUES IN COORDINATE ARRAYS
c X1s,Y1,Z1 INFUT COORDINATES OF ONE FAIL
C V1 VISIKILITY INDICATOR OF ONE RAIL
c X2,72,2Z2 INFUT COORDINATES OF SECOND RAIL
C Y2 VISIEILITY INDICATOR OF SECOND RAIL
c X3,Y3 SCRATCH ARRAYS
c z3 Z VALUE OF CONTOUR LINE
c LINE LINE STYLE PARAMETER FOR CONTOUR LINE
c
C
DIMENSION X1(NJsYL(N)sZ1(N)sVL(N) s X2(N)sY2(N)»Z2(N) s U2INYsXTINJ»
1 Y3(N)
LOGICAL FIRST
FIRST=.FALSE.
K=1
N1=1
N2=1
I5=1
IF((Z1¢(1)-Z3)%(Z22(1)>-23).GT.0.)GO TO 10
CALL INTER(X1sY19Z1,V1sX2,Y2,Z25U2+X39Y3,23)
K=K+1
FIRST=,TRUE,
10 CONTINUE

CALL CHANGE(N1sN+Z1,Z3)
CALL CHANGE (N2sN»Z2,23)
IF{(FIRST)GO TO 40
20 CONTINUE
IS=MINO(NL,N2)
IF(IS.EQ.,?979)RETURN
A23
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Is1=18-1
IF(IS.EQ.N1)GO TO 30
CALL INTER(X2(IS1)sY2(IS1)sZ2(IS1)»V2¢(IS81)yX2(ISI»Y2(IZ),»Z2CIZ2)>
X V2CIS)» X3(KI»Y3(K)»Z3)
K=K+1
CALL CHANGE(N2y)N»Z2,Z3)
GO TO 40
CONTIMNUE
CALL INTER(X1C(IS1)yY1{(IS1)sZ1C(ISL) VL (IS1)pXL1(IS)yYL{IS)»I1{1S),
X VICIS) » X3(K) P Y3I(K)PZ3)
K=K+1
CALL CHAMGE(N1/)N+»Z1,23)
40 CONTINUE
IF=MINO(N1,N2)
IF1=IF-1
IF(IS.6T.IF1)GO TO 59
0o S50 I=IS,IF1
IF(I.GT.N)GO TO 70
CALL INTER(X1(IDyY1(I)»ZiCI)sVLIC(I)sX2C0IDpY2(I)»Z2CI) s N2C(TI) s X3(KJ~
1 Y3(K)»Z3)
K=K+1
S0 CONTINUE
IFCIF.EQ.N1)GO TO &0
CONTINUE
CALL INTER(X2C(IF1)sY2(IF1)Z2(IF1)sV2(IF1) s X2(IF)»Y2C(IF)»Z2/IF )
X V2(IF) s X3I(K)»YI(K)»Z3)
CALL CHANGE(N2syN»Z2,23)
GO TO 80
&0 CONTINUE
CALL INTER(XI(IFI)le(IFi)yZI(IFl)le(IFl);Xl(IF)yYI\IF)y71fIr;r
X VIC(IF) s X3I(K)»Y3I(K)Z3)
CALL CHANGE(N1»N»Z1,Z3) _
GO 70 80
70 K=K-1
30 CONTINUE
ISTART=1
[C 90 LLL=1,K
RK=LLL
H=X3 (KK)
W=Y3(KK)
IF({ISTART.EQ.,1) .,AND, (X3(KK) .NE,~999.,))CALL DASHA{H,/»-1)
IF((ISTART.EQ+0) .AND, (X3 (KK) .NE.=997.))CALL DASHA(H,V,»LINE)
ISTART=0
IF(X3¢(KK).EQ:+-999.)ISTART=1
20 CONTINUE
K=1
GO TO 290
END
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THIS ROUTINE LINEARILY INTERFOLATES BETWEEN THE INFUT FOINTS
FOR THE FOINT WITH THE SPECIFIED Z VALUE

OO0O0O0O0O0n

FHEL L3444 5454433344403 4 4000240824432 2 2L ES
SUBROUTINE INTER(X1»Y1,Z1,V1sX2,Y2,22)V29XT+Y3+123)

INPUT
X1,Y1sZ1 INFUT COORDINAT%EAOF THE FIRST FOINT
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Vi VISIEBILITY FARAMETER OF THE FIRST FOINT

X2+Y2+»2Z2 INFUT COORIINATES OF THE SECOND FOINT

V2 VISIBILLITY FARAMETER OF THE SECOND POINT 4

22 SFECIFIED I VALUE
QUTFUT:

XIyY3+23 OUTFUT COOCRDINATES OF THE FOINT i

OO0 000

Bt
IF(Z2.EQ. 22
F=(23-21;.¢

190 CONTINUE
XI=XL+FR(X2-X1 ;
Y3=Y1vFR(Y2=T1) :
IF((VIVNELO.) . OR.(V2.NELG.)IXT-=999,

. RETURN ¥

END
A4 H LR AL E RN E AR RE RS EELLREE 1
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C
c
C THIS ROUTINE DETERMINES WHERE THE DATa IN THE Z! ARRAY CROSSES
c THE Z3 VALUE
C
c
c

A}

FREFEER RNt ELIEILEILE
SUBFROUTINE CHANGE(N1sN»Z1+Z23)

INFUT:
N1 LOCATION IN ARRAY OF THE FREVIOUS CROSSING
N TOTAL NO. OF VALUES IN THE Z1 ARRAY
Z1 INFUT ARRAY
Z3 CROSSING VALUE
OUTFUT
N LOCATION IN ARRAY OF THE NEXT CROSSING

JHAUBIUIAOY QY " tHo Baoannoidav

M BITIN

SO00O000000

DIMENSION Z1(N)
IF(N1,GE.N)GO TO 20
N11=N1+1
( DO 10 I=N11,N
N1=I
IF((Z1(I-1)-23)%(Z1(1)-23).LE.O.)RETURN
\ 10 CONTINUE
20 N1=9599
RETURN
END ‘
CHPFESE RS2 24t u Rt bRttt sttt ettt stttsst

C

c

C THIS ROUTINE DISFLAYS A LEGEND DEFINING WHAT YALUES THE DIFFERENT
C LINE STYLES REFRESENT
C
C
c

FRERRE R0 4000444433000 000 0801
~ SUBROUTINE LEGEND(NsLINE,ZLOW»ZINCrXSrYSsXINCsYINC)

INFUT!
N NO. OF LINE STYLES TO DISFLAY
LINE LINE STYLE FPARAMETER ARRAY
ZLOW Z VALUE FIRST LINE STYLE REFRESENTS
ZINC Z INCREMENT BETUE%&SLINES

OO0 00On0n




o
c ¥S,YS COORDINATES OF LEFT SIDE OF FIRST LINE *
c XINC COORDIINATE OF LEFT SIDE OF SIXTH LINE IF NECESSARY
c YINC COORDINATE DELTA BRETWEEN LINES
"
DIMENSION LINE(N) ‘
LOGICALXL MADE(10)
Z3=7L0W
Y=YS
X=XS
ICNT=0
00 30 I=1,N
’ CALL DASHA(XsYr-1) 4
CALL DASHA(X4XINC/2.,YsLINECI))
ENCODE(10,99yNADE)Z3 1
C NADE(1)=32 j
CALL AANSTR(10,NADE) ]
‘ 22=Z3+ZINC !
4 Y=Y-YINC )
ICNT=ICNT+1
30 CONTINUE -
( RETURN <
99 FORMAT(F10.,3) :
END &
( CHUERSSERERI SRR SRR R R R o RO Rt et Et R aatttatettiatss
: i
C
( c THIS ROUTINE DISFLAYS A GRID BY DRAWING THE RUNGS FIRST AND THEN 2 !
c THE SECOND RAIL 3
c - 3
c z
CHESS RSSOt aR ottt sttt Etaat s ttdsssss:
SUBROUTINE D3MESH(FsNsX1rY1rsZ1 W1rsX2,Y2,22,W2) 2
C c B
c -
c INFUT:
c F FROJECTION MATRIX
c N NO. OF VALUES IN COORDINATE ARRAYS
c XisY1s2Z1 COORDINATES OF FIRST RAIL
{ c Wi YISIBILITY PARAMETERS FOR FIRST RAIL
c X2,Y2,Z2 COORDINATES OF SECOND RAIL
‘ c W2 VISTBRILTIY PARAMETERS FOR SECOND RAIL
( c

DIMENSION F(4s2) v X1 (NI sYL(N) sZ1 (NI »WLCNY s X2(N)Y pY2(N) 22N »W2IN)
HICID=F (L y DXL (I 4F(2r )XY LCID4F (3, 1)XZ1 (I +F (4,1
L V1(I)=F (1 y 20X (D) 4F (2920 XYL (ID+F( 3+ 20221 (1) +F(4,2)
H2 (I =F 1y L) RX2CI)+F (2 1) XY2(ID+F (32 1) XZ2(1)+F (44 1)
V2CI)=F (1 s 20 XX2 (D) +F (2 2)XY2(I)+F {3y 2)XKZ2(I)+F (4, 2)
L 00 SO0 LLL=1sN
I=LLL
IF((W1(I),NE.,O,) .OR.(W2(I),NE,O.,))GO TO SO
o H=H1(¢(I)
VELT ARG S)
CALL MOVEA(HsW)
W, H=H2(1)
: v=y2(I)
CALL DRAWA(H»V)
CONTINUE
153TART=1
00 75 LLL=1,N
. (=LLL
H=H2(1)

-
'
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U=UZ(I)

IF(CISTARTVEQ.1) AN (W2(I).EQ.O0,))CALL MOVEA(H,»V)
IFCCISTARTL.EQ.O) JAND . (W2CI)LEQ.O.))ICALL TRAWA(HIV)
ISTART=0

IF{W2(TI).NE,O,)ISTART=1

CONTINUE

RETURN

END

CEEFFHI 4434338220732 3444583343434 4 3830444 3F 4483408334

c
C
»
C
c
C
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THIS ROUTIME DEFINES AN AXONOMETRIC FROJECTION MATRIX

FEEFEF LI L E SRR EEIFEEFFEFLFFFFFFFFFLELHLEEEEEEELEE LI ELELE

SUBROUTINE FFILL(F»XMINsXMAX»YMIN> YMAX»ZMINyZMAX,
SXMINsSXMAXsSYMINYSYMAX)

INFUT!
INCLUDES 3 ANGLES AXES MAKE WITH THE HORIZONTAL AND

SCALE FACTORS

XMIMNyXMAX LIMITS OF COORDINATE DAT¢ THAT WILL BE FLOTTED
YMINs YMAX SAME AS ABOVE
IMINsZMAX SAME AS ABOVE

SXMINsSYMIN MINIMUM SCALE HORIZONTAL AND VERTICAL VALUES
SXMAX s SYMAX MAXIMUM SCALE HORIZONTAL AND VERTICAL VALUES
DIMENSION F{4»2),A(3) ~

HCX s YrZ)=XXF (Lo 1)+YXF (29 1)4Z%¥F(3y21)+F(ay1)
V(X YsrZ)=XXF Ll s2)+YXKF(29y2)+ZXF(392)4+F{4,2)
g S 1=1,3

A(I)=F(I»1)/57.,2%6

F(Is1)=COSCACIIIXF(I»2)
FCI»2)=SINCACI))IXF(I»2)

CONTINUE

H1=HC(XMINs YMINS ZMIN)

V1=V (XMIN»YMINsZMIN)

H2=H(XMINy YMINy» ZMAX)

V2=V (XMIN»YMIN,y ZMAX)

H3=H{(XMIN» YMAX s ZMIN)

UZI=U(XMINy YMAX P ZMIN)

Ha=H(XMAX s YMINsZMIN)

VYa=V(XMAXs YMIN,ZMIN)

HS=H{(XMIN, YMAX s ZMAX)

US=VU{(XMINs YMAX s ZMAX)

Hé=H(XMAX s YMAX»ZMIN)

Va=V(XMAX s YMAX»ZMIN)

H7=H{XMAXyYMINsZMAX)

P7=V(XMAX s YMIN»ZMAX)

H3=H(XMAX»YMAX»ZMAX)

VUB=V (XMAX s YMAX P ZMAX)
SXMIN=AMINI(HI )H2Y»HI s HA I HSH»HEIH7 yHB)
EXMAX=AMAX1 (M1 +HO2yHI+rHAyHS»HEIH7 P HE)
SYMIN=AMINI (VLI U2y UTH»V4yVTH»VEIVU7,VUB)
SYMAX=AMAX1 (V1 ,V2yVU39VaVT»V6VU7yVB)
RETURN

END

TSRS43 00 00000 84404 8388004385301
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C THIS ROUTINE DRAWS AND LAKELS A GRID SFACE

C

C

CEEE4 B4 244844t S 4442844888884 4 4443844080800 8 0008233044

SUBROUTIME GRIL(F s XMINyXMAXyXINCsYMINsYMAX s YINC)

DIMENSION F(4,2)

LOGICALX1 NADE(10)

HOX»Y)=XAF(1r,1)+YXF(241)

VX Y)=XKFCLs2)+YXRF(2,2)

HH=H(XMINs YMIN)

WUV (XMINS YMIN)

CALL MOVEA(HHyUY)

HH=H (XMAXs YMIN) !
UV =V (XMAX ) YMIN) :
CALL DRAWA(HH»VY) ]
HH=H (XMAX s YHAX)
SU=UCAMAX ) YMAX)
CALL DRAWA(HH VY
HH=H(XMIN» YMAX) 4
WU=Y (CXMINY YMAX)

CALL DRAWA(HHs»VY)
HH=H(XMINS YMIN)
PYU=U(XMIN YMIN)

( CALL DRAWA(HHsVUY)
X=XMIN
Y=YMIN-, 015X (YMAX=-YMIN)

C : D0 20 I=1+6
HH=H (X, Y)

YUs=U(X,Y)

CALL MOVEA(HH,»VUV)
HH=H(Xs YMIN)
VU=V (X YMIN)

@] CALL DRAWA(HH»UY)
X=X+, 2X(XMAX=-XMIN)

28 CONTINUE

A Y=YMIN

; X=XMAX+, 015K ( XMAX=-XMIN)

! 0o 30 I=1+6

: HH=H(XsY)

YU=VIXrY) .

CALL MOVEA(HH»VW)

HH=H(XMAX»Y)

VU=V (XMAXyY)

CALL DRAWA(HH YY)

Y=Y+, 2XCYMAX=-YMIN)

30 CONTINUE

ENCODE (10599 »NADE)XMIN

MADE(1)=32

X=XMIN-.045K (XMAX-XMIN)

Y=YMIN=-,OSX(YMAX=-YMIN)
- HH=H (X, Y)

VU=V (X, Y)

CALL MOVEA (HHyVY)

) CALL AANSTR(10sNADE)

ENCODE (10,99 »NADE) XMAX

NADE(1)=32

X=XMAX =, 05X (XMAX=-XMIN)

HH=H (X, Y)

YusV X, Y)

CALL MOVEA(HH YY)

CALL AANSTR(10sNADE)

-’
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ENCODE{10,99»NADEIYMIN
! NALE(1)=32
X=XMAX+ . 0S¥ ((MAX-XMIN)
HH=H{X» YMIN)
VU=U(Xr»YMIN
CALL MOVEA{HH, )
CALL AANSTR(10NADED
ENCODE(1G»?7 9 NATIE) YHAX
NADE(1) =32
HH=H (X YMAX)
VU=V (X, YMAX)
CALL MOVEA(HH,VU)
CALL AANSTR{10sNALDE) |
, 7?9 FORMAT(F10.3)
RETURN 4
END i
CHEH$ 334 EEE L H 5344333554333 34 3314344444045 53 433252300845

———

c
C
C THIS ROUTINE FPLOTS A VECTOR FIELD
C
C
) CHEFFFE T34 F 244455452332 HFF3 3344444333434 334 434353845818
- SUBROUTINE VUFIELO(NsDIAT» SCALEF)
DIMENSION DAT¢(S,100)
D0 10 I=1,N
IF(DAT(S»I).NE.,O,)GD TO 10
‘ CALL MOVEACDAT(L.I),DATC(2,1))
| UU=DAT (3, 1) %¥SCALEF -
VU=DAT(4,I)xSCALEF
CALL ARRDW(-UU»VVU)
19 CONTINUE -
- RETURN
END
CERREFFL4 4444343443333 444F 4433344833385 544 5408334434238 3 4442148
o
C
C THIS ROUTINE DRAWS THE ARROWS FOR A VECTOR FIELID FLOT
C

C
CEEH44 3443457354 b4 5444333403540 5 4334335434434 0280044

SUBROUTINE ARROW(U )
DATA S2,C2/.707,-.707/
CALL DRAUWRCCU,V)
W=SART (UxU+VxV)
IF(W.LE. . Q1)RETURN
S1=V/U
Cl=U/su
UU=W/S.%¥(C1xC2-51%82)
UU=WY/3.X(S1XC2-C1%S2)
CALL DRAWR(UU,UY)
RETURN
END
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C
C
C
C THIS ROUTINE OUTFUTS AN ALFHANUMERIC STRING TO THE SCREEN
"
c
c

X2 22 2 R RS R R R R R R R R R R R A R A R R RS R ARE R 2 X

SUBROQUTINE AANSTR(NySTRING)
A29
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LOGICALX! STRING(N)

DIMENSION NALC(&0)
[0 10 I=1,N

10 NADCI)=STRING(I}
CALL AHNSTR(NsHAD)
RETURN
END
CHETH AL 4444444444855 4 530348005803 E R84 F2RR3EELE
o
C
C THIS5 ROUTINE FILLS ARRAYS USED FOR FLOTTING FROM THE
C DAT ARRAY
c
C

CEE3F 3R 33 4244434444285 3843435333434 2443404833442 02228282
SUBROQUTINE FILLITU(NFIKIIK2sX1yY1»Z1,»U1+%29Y2222+V2,0AT)
DIMENSION XIONF)»YIA(NF)»Z1(NF)sVI(NF) s X2(NF)sY2(NF)

1 Z2(NF)yV2I(NF)»DAI(S»100)
DO 113 JJd=1yNPF
X1(JJ)=DAT(1yK1+JJ-1)
TICJI)=DAT(2»K1+JJ-1)
Z1CJI)=DAT(3»K1+JJ-1)
W1CJdy=0AT(4,K1+JJ-1)
X2¢JJIy=DAT(1»K2435-1
Y2040 =0AT(2yK24JJ-1)
22(JI)=DAT(3syK2+JJ-1)
V2(JJ3)=DAT (4yK2+JJ-1)

113 CONTINUE
RETURN -
END
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THIS SUBRROUTINE IS USED TO CONVERT DATA TARKEN WITH
A SEVEN HQOLE FROEE INTO USEFUL QUANTITIES. THIS
FROGRAM I3 WRITTEN 7O EE USED WITH A FROEKE THAT
HAS HKEEN CALIBRATED FOR HIGH SFEED COMFRESSIELE
FLOW., THE CALIBRATICN COEFFIZIENTS ARE STOREL IN
A FILE NAMED °*CFROBE.DAT®. IT IS THE USERS JOEK

TO ACCESS THIS FILE aND FASS THE CALIEBRATION
COEFFICIENTS TO THE SUEBRGQUTIMNE. THE FILE MAY PE
ACCESSED AS FOLLOWS:

OO0 O 0000

CALL ASSIGN(2, 'CFROBE.DAT +10)

CALL FDOESET(2, "READONLY " 119 7)

DEFINE FILE 2(7,256,Us IRED)

IREC=1

Do 106G I=1,7

READCZ ' IRECI(KACI»J)»Jd=1»20)» (KE(I»J)yJ=1520),
1 (KQCIvJd)ed=1r20) 9 (KZ{Iyd)rd=1s20),
(RM(I»J)srd=1,20)

100 CONTINUE

O 0O G

]

OGO O0OGGOoOD
-

) l’ uo paanno dang

SUBROUTINE COMCALCINTsX,KALFHA»KBEETAsKQsKZERCIKMrFATMsALFHAPBRETA
ALFHAT»BETAT» THETA»FHLI»CTOT»CSTAT»CACBsCQyCZERGSCDYN>y
CMsRMACH,U»V)

INT IS NO LONGER USER-

X IS THE INFPUT DATA ARRAY WITH PRESSURES IN IT

KALFHA» KEETAs KAy KZEROy» AND KM ARE THE PROBE CALIBRATION COE"

FATM IS5 THE ATMOSFHERIC FRESSURE IN FSIA

ALPHAs RETA» ALFHATs BETAT:» THETAs AND FHI ARE THE ANGLES

RETURNED BY THE SUBRROUTINE
CTOTALys CSTATICy» CZEROy» CQy AND COYN ARE THE FRESSURE CQEFFICIENT
RETURNED RY THE SURROUTINE

CA AND CE ARE THE ANGLE OF ATTACK COEFFICIENTS RETURNELD

RMACH IS THE MACH NUMBER RETURNED RY THE SUBROUTINE

U AND V ARE THE RELATIVE VELOCITY VECTORS RETURNED

1y

CHULLIDAO Q

OO0 SOGOoOO0O0000

Cdatde.

-
(9]

REAL KALFHA»KEETA»KQRsKZERDC KM
DIMENSION X(12),KALFHA(Z7y20)yKREBETA(7+20)yKQAC7y 20y RIERQ(T 23>
1 ICHAN(?) s F(P)»ICAC20) s ICRB(20)»ICM(20) s KM (7+20)

c FRESETS TO DETERMINE WhICH FRESSURE IS WHICH INDEX INTO ARRAY X
DATA ICHAN/2:394959897+10+899/

C FOWERS FOR CA IN THE FQOWER SERIES EXFANSION
DATA ICA/0r1+0s0929090919s0519390+09s29291909190¢1/

cC FOWERS FOR CE IN THE FQOWER SERIES EXFANSION
DATA ICR/0+s0s120+072+0+1¢190r0¢320+2+,0+25250,1,51/

c FOWERS FOR CM IN THE FOWER SERIES EXFANSION
DATA ICM/0s0+091909052»09219190+093¢0+1+90s1+2+2,1/

c CONVERSION CONSTANT FOR RADIANS/DEGREES
DATA RAD/S7.296/

C INTEGER FUNCTION TGO DETERMINE SECTOR NUMERER
ISEC(J)=MOD(J-1,4)+1

C FUNCTION TO FIX RANGE QF ANGLES TO -90 70 270
RAMNGE{A)=AMOD(A+920.,+360.)-70.

c INITIALIZE THE HIGH FRESSURE VALUE T0O A VERY NEGATIWVE NUMEKER
PH=-1E20

C FROCESS EACH FRESSURE
Ad3




O

(W]

50

Bo S I=1,7

CONVERT THE FRESSURE TO ARSOLUTE - FSIA
FCI)=X(ICHANCI) )Y +PATH

FIND THE MAXIMUM FRESSURE VALUE
FH=AMAXL(FH.F IV

CONVERT TOTAL FRESSURE TO AEBSOLUTE

P30 =X {ICHAN 3 i FFATH

CONMVERT S7T37IC FREZSURE T2 AEBSOLUTE
FUPi=X(ICHAM(9) ) +FATH

IF THE HIGH FRESSURE IS NOT FROM HOLE 7 SnIF THIS SECTICH
IF{FH.NEWF(7))GOQ TO 20

THE HIGH FRESSURE IS FROM SECTOR SEVEN - COMFUTE COEFFICIENTS

ISECT=7
COMPUTE AVERAGE FRESSURE

FAUG=(P (1) +P(2) 4P (3)4F (4)4+F(S)+F(6)) /6.

COMPUTE THE UALUES TO DETERMINE CA AND CE
CAL=(P(4)=F(1))/(FH~PAVG)

CA2=(P(3)-F(&))/ (FH-FAVG)

LA3=(P(2)-P(5))/(PH-PAVG)

COMPUTE CA

CA=CAL+{CA2-CA3)/2,

COMFUTE CB

CE=.57735%(CAZ4CA3)

COMFUTE CM

CM=(F(7)=PAUG) /P(7)

SKIF THE NEXT SECTION WHICH IS FOR THE CUTER SECTORS

GO TO S0

N0 25 If1,6

DETERMINE WHICH OUTER-SECTOR HAS THE HIGH FRESSURE
IF(P(I),EQ.PH)GO TO 30

CONTINUE

SET THE SECTOR NUMBER

ISECT=I

COMPUTE AVERAGE OF THE TWO HOLES ON EITHER SIDE OF HIGH FRES.
FAUG=(P(ISEC(I+1 ) +P(ISEC{I+Si))/2,

COMFUTE CA

CA=(F(I)=F(7))/(F(I)-FAVG)

COMPUTE CB

CB=(P(ISEC(I+5))~P(ISEC(I+19))/(F(I)-PAVE)

COMPUTE CM

CM=(P(I)-FAVG) /P(I) ,

COMPUTE ALFHAs RETAs, CQ, CZERO, AND MACH FROM CALIERATION
ALPHA=0.

BETA=0,

ca=o.

CZERO=0.

RMACH=0.

USE THE POWER 3SERIES EXPANSION AND THE COEFFICIENTS TO
COMPUTE THE ACTUAL VALUES

DO 60 I=1,20

COEFF=CAXXICACI)XCRXXICR(I)XCMXXICH(I)
ALPHA=ALPHA+COEFFXKALFHA(ISECT, )
RETA=HETA+COEFFKBETA/ ISECT, !

CO=CO+COEFT ¢NQ{ISECT I
TIER0=CIERO+COEFF¥RIERD: [SECT, 1)
RMACH=RMACH+COEFFXNM(ISECT, 1)

CONTINUE

COMPUTE TOTAL FPRESSURE COEFFICIENT
CTOT=-CIEROK(PH=PAUG) /(F(3)=P (7)) +{FH=F(8))/(FI8)=F (%))
COMFUTE STATIC FRESSURE COEFFICIENT \34
CSTAT=-CZEROX(PH-FAUG)/(P(8)~P(9))-(PH-FAVG)/(CaX

o

Qmden taunnmanny co r’n NESTRTIT




1 (F(B)=F () ) + (FH=F(9))/(F(B)=-F(9))
, c COMFUTE DOYNAMIC FRESSURE COEFFICIENT
COYN=CTOT-2STAT
c IF THIS IS AN OUTER SECTOR THEN SKIF THIS SECTIOWN
, IF(FH.NE.F(7))G0 T3 80
c COMFUTE ALFRAT
ALFHAT=ALEHA
- c COMFUTE EETAT .
BETAT=EETA |
c COMFUTE EBETA
A KETA=ATAN(COS(ALFHA/RAT) KTANCEETAT/RAL) ) XRAD
‘ c COMPUTE FHI

IF CALFHAT.NE.O,)FHI=AATAN(SIN(EETAT/RADN)XCOSCALFHAT/RAD)
1 COS(RETAT/RAL)XSIN(ALPHAT/RAD))XRAL
C IF(ALFHAT.LT.O.)PHI=FHI+180.
IF(ALFHAT.EQ.O. . AN, BETAT.GE. 0., )FHI=90.
IF(ALFPHAT.EQ.C..ANII,RETAT.LT.0.)FHI==90,

™~

c COMFUTE [HETA
THETA=ATANCSGRT (TANCALFHAT/RADD ) XX2+ (TANCRETAT/RAIND YA *2) ) XRAT
.- C SKIF THE SECTION FOR OUTER SECTORS =
{ 60 TO 1¢O0 T
c COMPUTE THETA :
80 THETA=ALFHA 3
( c COMPUTE FHI <
FHI=EETA -
c COMFUTE ALFHAT -
C ALFHAT=AATAN(SIN(THETA/RAL)XCOS(FHI/RAL) yCOSC(THETA/RALD) ) XRAD 7
c COMFUTE BETAT <
BETAT=AATAN(SIN(THETA/RAIIXSIN(FHI/RALD) yCOS(THETA/RAD) ) XRATD 3
O c COMFUTE ALFHKA E
ALPHA=ALPHAT -
c COMFUTE 2ETA i} :
8] BETA=AATAN(COS (ALFHA/RAD) XSIN(THETA/RAD)XSIN(FHI/RAD) » Z
1 COS(THETA/RAL) ) XRAD -
100 CONTINUE
{ C CHECK THE RANGE OF ANGLES FOR ALFHAy BETA» ALFHAT, RETAT, THETA,

ALFHA=RANGE (ALFHA)
BETA=RANGE (EETA)

{ ALPHAT=RANGE (ALPHAT)
RETAT=RANGE (RETAT)
THETA=RANGE ( THETA)

C PHI=RANGE(FHI)
c COMPUTE THE ANGLE TANGINTS FOR USE IN VELOCITY VECTOR COMFUTATION
TANAL=SIN(ALPHAT/S57.294)/COS(ALFHAT/57.296)
L TANBE=SIN(BETAT/57.296)/COS(BETAT/57.296)
c INSURE THAT COYN DGES NOT EXCEED LIMITS
IF (COYNLLT.-.9999)CDYN==-,9999
C c COMFUTE THE LENGTH OF THE VELOCITY VECTOR
UVUR=SQRT ((COYN+1.3/(1.+TANALXTANAL+TANREXTANRE))
) c GET THE U COMPONENT OF THE VELOCITY VECTOR
o U=sUVRXTANRE
c GET THE V COMPONENT OF THE VJELOCITY VECTOR
V=UVURXTANAL
W RETUR -
END

FUMCTION AATAN(TR)

ATAN=ATANZ(T,B)

IF(T.GE.O..AND.E.GE.O.YAATAN=ATAN

IFCT.GE O ANDB.LT.0.)AATAN=3,14159+ATAN

IF(T.LT.0. . AND.,B.GE.O.)AATAN=2,%3,14159+ATAN

IF(T.LT.0,.AND.B.LT.0.)AATAN=3,14139+ATAN
A35
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RETURN

END

FUNCTION TAN(A)
TAN=SINC(A)/C0S(A)
RETURN

END
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CHEF33 3344434554432 4403333334544 4 R4 4 2444348343324 844 32048

C
c
c
C
c
c
c

ROUTINE TO GET
OFAN DATA FILE FORMAT,

GRID OF DATA FROM A FILE IN THE STANDARTN

R R AR R R R R R R A R R R R R R R R R R R R AR R R AR RS R S

SUBROUTINE GETGRLO{LUNSNDsIDLISTyMAXSIZyLSCRYRSCRySTITLESLTITLE,
1 ODLARELsDATNFsNLsNGYyNLATEQF)

c
C
c LUN LOGICAL UNIT NUMEER OF DATA FILE TQO BE WRITTEN
c NI NUMEER OF DIMENSIONS IN EACH DATA FOINT
c NF NUMBER OF FOINTS IN A LINE
C NL NUMEER OF LINES IN A GRID
c NG GRID NUMEER
c NLAT LATTICE NUMEER
c DLABEL STORAGE SFACE FOR DIMENSION LAEELS TO RE SAVEL
c nat DATA POINTS ARRAY (NDsNLXNL)
c STITLE STOKAGE SFACE FOR 20 CHARACTER SHORT TITLE
c LTITLE STORAGE SPACE FOR 40 CHARACTER LONG TITLE
£ IDLIST ARRAY OF INDICES OF DATA TO RE SAVED
c MAXSIZ DIMENSION OF SECOND INDEX OF DAT ARRAY
c LSCR LOGICALX1 SCRATCH ARKRAY (10XMAXSIZ)
c RSCR REAL SCRATCH ARRAY (MAXSIZ)
c EOF LOGICAL END-OF-FILE FLAG - TRUE WHEN EOF WAS REAT
c -
LOGICALX1 STITLE(20)LTITLE(60) ,DLABEL (10 /NI »LSCR(1)
LOGICAL EOF '
DIMENSION DAT(NDyMAXSIZ)»RSCR(1),IDLIST(NI)
11 FORMAT(SIS)
c READ LINES FROM FILE UNTIL THE GRID NUMBER CHANGES
NF=0
NL=0
NTOT=0
10 CALL GETLINCLUNIND»INLIST,MAXSIZ»LSCRIRSCRySTITLE LTITLE,DLAREL,
1 DAT(LsyNTOT+1)sNF1,NLL1/NGsNLATSEQF)
NF=NF+NF 1 -
NL=ML+NL1
NTOT=NTOT+NF1xNLL
READ(LUNs11,END=999)MNI s NF2 s NL2yNG2yNLAT2
EACKSFACE LUN
IF(NG2,EQ.NG)GO TO 10
RETURN
999 CONTINUE
RETURN
END

CHERERH 443732450+ # 4343 FFFF 3343743434534 4313 H 4022222042003 3008:

o000 o0n

ROUTINE TO GET A LINE OF DATA FROM A FILE IN THE STANDARD
DFAN DATA FILE FORMAT.

CRERF45 4253353454433 443 4337 F 2424335852053 42 8434483355525 4 588033301
SUBROUTINE GETLINCLUNSNDyIDLIST/ MAXSIZyLSCRY'RSCRYSTITLESLTITLE
1 DLABELsDATsNFyNLYNGYMLATY»EQF)

a0

A39

1w
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C LUN LOGICAL UNIT NUMEBER OF FILE TO RE READCINFUT)

c ND NUMEER OF VARIARLES TO GET FROM DATA FOINTC(INFUT)

C IDLIST ARKRAY OF INDICES OF VARIAELES TO EE RETURNED

C MAXSIZ MAXIMUM SIZE OF SECOND DIMENSION OF DAT ARRAY

C LSCR LOGICAL SCRATCH ARRAY (10 X NUMEBER OF DIMENSIONS

C IN EACH DATA FOINT)

C RSCR REAL SCRATCH ARRAY (NUMEER OF DIMENSIONS' IN EACH

c DATA FOINT LONG)

c STITLE SHORT TITLE (20 CHARACTERS) (OUTFUT)

C LTITLE LONG TITLE (40 CHARACTERS) (OUTFUT)

C ILAREL DIMENSION LAEBELS ARRAY (10,ND) (QUTFUT)

C DAT ARRAY OF DATA RETURNED (NDsM&XSIZ) (QUTFUT) !

c NF' NUMEER OF FOINTS IN THE LINE(OUTFUT) )

c NL NUMBER OF LINES IN GRID (QUTPUT) /

C NG GRID NUMEBER (OUTFUT)

C NLAT LATTICE NUMEER <(QUTPUT)

C EOF LOGICAL FLAG - TRUE IF END OF FILE EMCOUNTERED

C '
LOGICALX1 DLAEEL(10sND)»STITLE(20),LTITLE(40)sLSCR i
LOGICAL EOF E
DIMENSION DAT(ND,MAXSIZ)»RSCR(1)yIDLISTI(ND) :

11 FORMAT(SIS) £
12 FORMAT(10E12.5) b

EOF=.FALSE. <

c GET THE NUMEER OF DIMENSIONS FER FOINT» NUMEER OF FOINTS =

C FER LINEs, NUMEER OF LINES, GRID NUMBER, AND LATTICE NUMEER g .
READ(LUN»11+END=999)MND s NFsNLsyNGsNLAT < ‘

C GET THE HEADER FOR THE LINE 3
CALL GETHDR(LUNs)MNOyNByTDLISTsLSCRyDLAKEL,STITLE,»LTITLE »EOF) z
IF{EQF)RETURN : z

C COMFUTE NUMBER OF FOINTS IN LINE/GRID z
NL=MAXO(NL 1) N <
NTOT=NLXNF 5

C GET THE DATA FOINTS FOR sFHE LINE/GRID

D0 100 I=1,NTOT
READCLUN,12yEND=999) (RSCR(J) »J=1y ANID)
c IF THE DAT ARRAY IS FULL, DO NOT SAVE THIS FOINT
IF(I.GT.MAXSTZ)GO TO 100
O S0 J=1sND -
DAT(Js I)=RSCRCIDLIST(I))
30 CONTINUE
100 CONTINUE
RETURN
?99 CONTINUE
EQOF=.TRUE.
RETURN
END
FHEEFEE4 4344434541422 HHE L EHELEEFLEL P LEREEEES:

U

C
C
»
C ROUTINE TO GET THE HEADER RECORDS FROM A FILE IN THE STANDARD
c DFAN DATA FILE FORMAT.

»

C

CEERFFIF L5342 F 5323424003880 0 4302443044044 0042018
SUBROUTINE GETHDR(LUNsMNDSND,IDLIST LSCRyDLABEL,STITLELTITLZ,EQF

(3]

C

P LUN LOGICAL UNIT NUMBER OF DATA FILE 70 EKE READ

c MND NUMBER OF DIMENSIONS IN A DATA FOINT

r ND NUMBER OF DIMENSIONS TO SAVE FROM EACH DATA FOINT
A40

- Maen




c InLIsST gRRAY OF INDICES CF VARIAKLES TO EBE SAVED
c L3CR LOGICALX]l SCRATCH ARRAY FOR USE IN FEAL
c DLABEL STORAGE SFACE FOR DIMENSION LAKELS TS5 PE SAVED
c STITLE STORAGE SFACE FOR Z0 CHARACTER SHORT TITLE
c LTITLE STORAGE SFACE FOR 30 CHARACTER LOMG TITLE
c EOF END-OF-FILE FLAG - 52T TO TRUE IF EZ0F ENCOuU:
c
DIMENSION IILZIST(ND:
LOGICALKY STITLE(20 ) sLTITLEC(ELD ) yLSCRILOYMND )y DLAREL (1O yND
LCGICAL EQF
11 FORMAT(20Aa1,¢0A1)
12 FORMAT(10AL)
c REAL RECORDL 2 - GET THE TITLES
READ(LUN,L11/,END=999)STITLE,LTITLE
Iy READ RECORD 3 - GET AL. DIMENSION LARELS
READ(LUNY12,END=999) ((LSCR(Is0) 121,105, J=1yMND)
c SAVE THE DESIRED DIMENSION LABELS IN DLABEL
UG 190 J=1,ND
00 S0 I=1,10
DLAREL(I»J)=L3CR(I,IDLIST(J)) _
<3¢ CONTINUE :
100 CONTINUE g
RETURN g
999 CONTINUE c
EQF=.TRUE, z
RETURN .
END !
Coed4 433t 43 8344344444334 4 4443225442344 0444443444444 2434K
o - z
c =z
c ROUTINE TO PUT THE HEADER RECORNS ON A FILE IN THE STANDARD ;
c DFAN DATA FILE FORMAT. %
¢ - 3
¢ £ ’
Ct4443 4239734444447 3333034324534 343 3342343444554 442008 54344
SUBRQUTINE FUTHOR(LUNIND I NFINLINGINLAT 3TITLE LTITLE»JLAREL
[
¢ .
c LUN LOGICAL UNIT NUMBER FOR QUTPUT JATA
c ND NUMBER OF DIMENSIONS IN A DATA 20INT
c NF NUMBER OF FOINTS IN A LINE
c ML NUMBER QF LINE3 IN A GRID
c NG GRID MUMBER
c NLAT LATTICE MUMBER
c 3TITLE 20 CHARACTER SHORT TITLE
2 LTITLE 40 CHARACTER LONG TITLE
0 DLABEL 10 CHARACTER LIMENSION LABELS
c .
LOGICALXL STITLE(20),LTITLE(LO) »OLABEL (1T sND:
11 FORMAT(SI)
12 FORMAT(20A1,50A1)
13 FORMAT(L10AL)
s QUTPUT RECORD %1
WRITE(LUN LLOND MNP INLIMNGINLAT
c QUTPUT RECORD #2
WRITEZ(LUNS12:3TITLELTITLE
c QUTFUT RECORD #3
WRITEZ(LUNSI3) ((DLABEL (T, J),1a1s10)rd22ND)
RETURN

END A4l
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C

C

C FLOTTING FROGRAM FOR CONTOUR, AXONOMETRIC, AND MECTOR

C FIELD FLCT3 - THIZ FROGRAM ACCESSES L[ATA IN DATA FILE

C *DATAIN.DAT® WHICH I3 IN THE STANDARD DFAN DATAR FILE

c FORMAT. THE FRUOGRAM IS5 &N EXTENSION OF *FIELDFLT® WHICH

C WAS DEVELOFED AND WRITYEN BY CAFT GLYNMN SISSOM. THE

C FFROGFRAM HAGS BREEN MODIFIED AS FOLLOWS:

C

c MODIFICATIOMN RECCRD!

c

C INITIAL rMODS AND COMMENTS 29 JuLy 8t CAFT EBOLICK
C MORE COMHMENTS ADDED 13 SEFT 81 CAFT BOLICK

C

C

CEESESHEFF 48 F 304444 S rn 3334t F 3R 4444334143334 33 FEE4EH 2 ELE
r

r

C IATA DECLARATION AREA

C

C

CHESS P4 500 FE R0 43 644 FEF3HFF 444444434 E4 343444422442 EE4L

DIMENSIOMN X1(10)sY1(103sZ1C10) V1102 X2¢L0)sY2(10)
1 Z2¢10) V20100

DIMENSION _INE(20)X3(Z0),Y3I(I0)FARM(31)

DIMENSION F(4:,2)sDAT(S,100),IDLIST(S)

LOGICALX1 LSCR(10»17)»STITLE(20)sLTITLECS0) sNADECLIO) »OLAREL(L0S

LOGICAL EOF
LOGICALXY TITLE(&SO)
EQUIVALENCE (LSCR(1-12sX3{1))
EQUIVALEMCE (N1,IDLIST{L Y s (N2 yIOLISTC2) )y (N3P ILLIST(Z) ),
1 (NA, IOLIST(4))» (INS»IDLIST(S))
CHAES4 3354333344440 3334444441434 3434044444484 24433783080
C

O3

DATA FRESETS AREA

OO0 nN

223223323 IR R R R R R R R R R R R R R R R R R SRR R RS SALS 2
ODATA YES/ Y7/

c DISCRIFTOR FOR DIFFERENT LINE TYFEE TO ERE DRAWN
DATA LINE/77,12+32+332,51298312972»732+34+334,314,
X $314974,724+3212,5212,7212+,3414,5414,5,7414/

DATA LUN/2/+4AXSIZ/100/»TRAUL/260/NIN/SY/
CEES34 5743 ¢S4 P63 FHF 4543384544553 5444434342424 8 204142

c
c
c MAIN FROGrAM CODE 3VARTS HERE
c
C
CRIFE4 440440533488t 43v 743343344334 35332 2332353222223
c
C
o GET MENU AND INFUT DATA FILES ASSIGNCD
" SET UFP TERMINAL LOGICAL UMITS ALSO
c
c
CALL ASSIGN(Iy 'MENU.DAT’»8)
CALL FDBSET(3,» READONLY’)
c REAL THE INFPUTY DATA FROM THE MENU DATA FILE

A43

AAULINAGLTY QY 1 U0 nannnngd s

(ERINA




T'W"' e e e e %

READ(I)TITLE»CFTrAF s F o XMINy XMAXy XINCr YMINs YMAXy YINC,
1 IMIN,ZMAXyZINC»IDLIST
C SAVE THE SCALE FACTOR FOR VECTOR FLOTS
SCALEF=F(Z,2)
C CLEAR THE FIELD IF THE OFTION IS VECTOR FIELD FLOT
IF (OFT.GT.1.0F(3,2)=0.
C THE QUTFUT CRT FOR THE GRAFH WILL BE *TT7:°*
CALL ASSIGN(S,»’TT7:’)
c IF A TK 4662 HARLDCOFY WAS REQUESTELD CHANGE UNIT 5 70 *"7T1:1:°
IF(AFL,EQ.YESICALL ASSIGN(I» TT1:')
c INITIALIZE THE GRAFHICS FACKAGE - CLEAR THE SCREEWN
CALL INITTCIRAULD
C GET THE INFUT DATA FILE ASSIGNED
CALL ASSIGN(2y‘DATAIN.DAT »10)
CALL FDESET(2, 0OLD’,» "SHARE’)
C FILL THE F ARRAY ERASED ON THE MIN/MAX/ANGLE DATA
CALL FFILL(FsXMINsXMAXy YMINs YMAXsZHINY» ZMAX»SXHINYEXMAX
1 SYMINySYMAX)
C IF THIS IS NOT A CONTOUR FLOT THEN SKIF TO THE NEXT SECTION
IFCOFT.NE.Q.)GO TG 200
SET UFP THE FLOTTING MINMUM AND MAXIMUM VALUES ANID' DEFINE
THE FLOTTING WINDOW FOR THE CONTOUR FLOT.
RANGE=SXMAX-SXMIN
XMI=SXMIN-.,05%RANGE
XMA=SXMAX+.45XRANGE
YMI=SYMIN-.CSXRANGE
YMA=SYMAX+.1XRANGE
CALL DWINDOC(XMI»XMA»YMIr»YMA)
CALL TWINLO(0,1020,02780)
ZLOW=ZMIN
CEESFHFF4 3424343343333 34 3331443344343 33 1334432850530 223221

On

*11dos YuatIn Ao Y B U0 Haannariag

CONTOUR FLOTS ARE DONE HERE

OO0

('

CEEFF4443+ 3343334544241 4344343334443 4332144424423 EEETHEHLELS
100 CONTINUE
c GET THE NEXT GRID/FLANE OF DATA
CALL GETORDC(LUNYNDsIDLIST/MAXSIZILSCRyX3»STITLEYLTITLEYDLAREL Y
1 DAT/NFsNLsNG»NLATEOF)
C IF NO MORE DATA THEN PROCEED TO FINISH UP
IF(EQF)YGO TO 130
ICNT=0
Z3=ZL0W
119 CONTINUE
JCNT=ICNT+1
Ki=1
K2=NF+1
F=K2
Do 120 J=2sNL
c MOUE A LINE OF DATA AT A TIME INTO THE FLOTTING ARRAYS
CALL FILLIT(NPYKL/K2sX1sY1yZ1 V19 X2yY2yZ2,V2»0AT)
C GO D0 THIS CONTOUR LINE
CALL CONTOR(NPsX1sY192Z19V1 s X292 Y2922y V2s X3y ¥3sZ3LINEIICNT
K1=K1+NF
K2=K2+NF
120 CONTINUE
o SET UF FOR NEXT CONTOUR LINE
23=Z23+2INC
C IF NOT ALL CONTOURS ARE KbPTTED THEN FLOT THE NEXT ONE




. |

~~

c

c

]

OO0

CEFEHFFEFFEIFFF4TEF3TLIHFFTHLH I3 S84 ES42 4L EILYL

200
c

(e}

[N e Ny

o

(o]

OO0

O

IF(Z3.LE.ZNA

AFTER ALL CONTOURS ON THIS FLANE ARE FLOTTED - GO

THERE IS ANO
GO TO 100
CONTINUE
COMFUTE LOCH
X=SXmAX+.,1x!
T=SYMAX~-.,05x
XI=.25% " SXMR
YI=.04X(5YMA
GO FUT LEGEN
CALL LEGENDI
COMFUTE LOCA
X=,Ix(SXMAX~
Y=SYMAX+.01xX
CaLL MOVEA(X
CALL ANMOUE

QUTFUT VARIAFCLE NAME THAT WAt sLI77ED /
4

CALL AAN3TAR(
0 TO FINIGH
GO TO S¢O

CUEE44E4 3344445342330 34F 3T H 3553444332544 242235508042 3224

A XONOMETRIC

CONTINUE

IF AN AXONCHM
FLOY SECTION
IFCOFT.NE. L,
COMFUTE RANG
THEN SET THz
ALL OF THE G
RANGE=AMAX1(
AMI=SXMIN-.0
XMA=SXMIN+1,
YMI=SYHIN-.Q
YMA=SYMIN+1.
CaLL DUWINDOC
CALL TWINDO!
CONTIHNUE

GET THE NEXT
CALL GETGRD(C

X560 TO 110

w
m
48]
=
m

THER FLANE CF DATw 72 =107

TIONS 2R THE _EGZIND ON THE SRAFH
SAMAX-SXAIH
(ZTHAAX-SY™ I
X=-S¥MTN)

X-SYMIN)

I' ON THE OGRAFH
ICNT»LINEsZLCWy ZINC 7
TION FOR NAME CF UAR_AEL
SXHMIN»+SXMIN
(SXMAX-SXMIN

' Y) 4

4 v.‘:"v(

m ~
hal
) 4
4 -
1
m
1

L DULABES T L5
UF GRAFH

(3-0) FLOTS ARE DONE HERE

ETRIC FLOT WAS NOT REQUESTEIDl THEMN GC 7O CROES FLOW

AL A Y OV B s tranno i) e

JBC T 30C

F oAaMD LIMITS FOR THE AXONOMETRIC F
FROFER LIMITS IN THE WINDOW DEFIN

Rard WILL BE ON THE ZSCREEN

SXMAX s SYMAX ) -AMINI(SXMIN, STYMIN)

SKRANGE

2%xRANGE

SKRANGE

1 XRANGE

XreiT o XMA«YMI s YMA)

129¢9725,05780)

N AND
0 THAT

‘ot
-

GRID/FLANE OF IATA
LUNSND» IDLISTyMAXSIZ)LSCRy X3+ STITLESLTITLE-DLABEL Y

DAY NFsNHLsNGsNLATH»EDF)

IF THERE IS
IFCEQFHIGO TO

M0 MORE DATA THEN GO TO FINISH UF THIS FLOT
250

COMFUTE 10TAL NUMEER OF DATA FOINTS IN THE GRIL

NTOT=NFxNL
Ki=1

K2=NF+1

00 220 J=2»N
MOVE THE DAT
CALL FILLITC
IF THIS IS T
TO FROFERLY

.

L

A INTO THE FLOTTING ARRAYS ONE LINE AT A& TINME
NEPRKLIYRK29 X1y Y1 eZ1 VLo X2y Y2 IZ2y VD DAT

HE FIRST RAIL FOR THI3 FLANE THEN ChALL IIZ¥EZH
SET UF TO DRAW THE MESH

IF(JWEQ.2)CALL DIMESH{T »NF» K12 Z s Vi X1y YLiaZ1vJL0

DRAW THE MNEX

T SET OF RAIL3 FOR THIS FLANE

CALL DZEMESH(F sNFsX1y Y1y Z1ULo X2y Y2rZI2,U2)

K1=K14NF

- A4S




. . """“"""""""".llll""""“"""""'""""""""""F‘l‘

K2=R24+NF 1
20 COMTINUE
GO SEEZ IF THERE IS AMY MQORE [ATA TO RE FLOTTED
GO TO 210
299 CONTINUE
» COMFUTE LOCATION TO OUTFUT NAME OF UARIAELE THAT WAS FLOTTED
X=.GK(SXMAX-SXMIN) +SYMIN
Y=SYMAX+.01k(SXMAX-SXMIN)
CALL MOVEA(X,Y:
CALL ANMOLE
c QUTFUT VARIABLE NAME
CALL AANSTR(10,>DLAREL(1,3))
60 TO S00 ]
CHEH I 44+ 2444 E 44044 b4 FHF R L2 b 0344424344320 02804S

[N S}

VECTOR FIELD FLOTS ARE LONE HERE

\
OO0 0n

I Y I I R T R I I I TIIIIIIIIINTIY]
! 300 CONTINUE
COMFUTE RANGE AND LIMITS FOR FLOTTING WINDOWS FOR THE CRCSS
FLOW VECTOR FLOTS.
( RANGE=SXMAX-SXMIN
XMI=SXMIN-.,0SXRANGE
XMA=SXMAX+. 2XRANGE
( YMI=SYMIN-.0SXRANGE
YMA=SYMAX+.1KRANGE
CALL DWINDOCXMIsXMA»YMIS YMA)
CALL TWINDO(125+975+05780)

NEFRTERTS A

a0

Cletdoo yusniniigacy Gy R 1o e

310 CONTINUE
C GET THE NEXT GRID/FLANE OF L[ATA
C CALL GETGRDC(LUNsNDsIDLIST,MAXSIZsLSCR»X3+STITLE,LTITLE»LLAREL »
1 DATYyNFyNLyNGYNLATSEQOF) _
c IF NJ MORE DATA THEN GO TO FINISH UF THE GRAFH
IF(EQOF)G0 TO S00
NTOT=NFXNL
c CALL THE SUBROUTINE 70 FLOT EACH OF THE VECTORS
( CALL VFIELD(NTOT,DAT»SCALEF)
C GO SEE IF THERE IS MORE DATaA TO RE FLOTTED
, GO TO 310
N 200 CONTINUE
C QUTFUT GRID ARCUND THE FLOT SFACE

CALL GRID(F:-XMINsXMAXsXINCy»YMIN,YMAX,YINC)
X CALL MOVABRS(100,750)

TITLE(44)=32

TITLE(47)=3C

S r QUTPUT THE TITLE OF THE GRAFH
CALL AANSTR(&0,TITLE)
c CLOSE QUT THE FLOTTING FACKAGE
C CALL FINITT(0,0)
CALL EXIT

END




APPENDIX B
This appendix contains samples of the user interactions required for

both the data acquisition and plotting programs.

CAdo 1AW oty © 0o Doono kg
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;
i .
i OR MAE
i
i
= S3v-414 EL2E  AULTI-USES SYSTEM
3
i
i
§
i "E=1L2~ ZJCOFETHA -
ﬁ K KRKK R R R TR R R Ak K KR KUK KR kKR VR Rk R E KR ER ko ba b Ak bi bk bk kbx
i :
i o COMFRESSIELE SEVEN HOLT TRORE FLOW FIELD ZURVES
: TaTa ACQUISITION SYSTEM COMMAND FILE
1 H
i KKK KKKKK K KKK F KRR E KK E KR KT KR HRF KA 7K bbbV hd ks KNNKRE K LK :
; CFTR TARELDATG %/ DE/NM g
Q CETIF MENULDAT K/ DE/ MM :
: CFIF TATAINLDAT & DE/NM :
] “FIF DATAOUT.DATS k/DE/ NN :
’ % DO YOU WANT TO ADD DATA TO AN EXISTING FILET LY/ /M3:[D 7
¢ EMTER MAME GF CURRENT DATA FILE L83t oot nod :
CEIE DATAINLDAT/NUSXWMA,DAT :
EIF TARE. UAT NU=C152, 13INULL . DaT s
CRUN T1S2,131CMPSHE z
Ty FFESENT @aTh TITLE 15: B
TUING-RECOYs i1 DEG, W=100 FFS (XWHA4) :
' D0 YOU WISH TO CHANGE IT7 - b

SHTER IATA TITLE (40 CHARS MAX)
l SST SN ONE S o e gl SHEUEY F?“”Fﬁﬂ
START TUWMEL AND ENTER RETURN WHEN REALDY

1 SMTER ATHOZFHERIC FRESSURE (IN-HG) .
| SIERE
COORDINATE FAIRS ARE (MERT»HORIZ!
' ENTER LOCATION OF LOWER LEFT AND ENTER FRETURN

ENTER LOCATION QF UFFER LEFT AND ENTER RETURN

ENTER LOCATIOM OF LIWER RIGHT AND ENTER RETURN

ENTER LOCATION OF UFFER RIGHT AND ENTER FETURHN
LOWES LEFT: -3.000 2+200
UFFER LEFT: 5.000 3.000
LOWER RIGHT: -3.00% 2,000
URFER RIGHT: 70000 8.009

ARE THEZE LCCATIONS CORRECT"

FIFET LaTA FQINTY JERTICAL= - 3.0 aY ROFIIONTALS S

TTC -—-  ITOF

IR ODATAIMLODAT/NY=DATAQUT .. OAT

CEIE DATAQUT .DAT &/ DE. 14

PR DATAIN.DAT, U

K D0 YOU YWANMT TO USE AN EXISTING MEMU IATA FILER Cvf”ffj )
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L~ AD-A115 971  AIR FORCE ACADEMY CO £/6 9/2
SEVEN=HOLE PROBE DATA ACQUISITION SYSTEM,(U)
NOV 81 A GERNERs 6 SISSON
UNCLASSIFIED USAFA=TN-81-8 NL

, 2 w2
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IS flie pe




JRSHN

1S-3EF-91 08:43 FROM TT10: TO TTO:

"HEL GRIFFIN/AERQ
RSX~-11M BL26  MULTI-USER SYSTEM

GOOD MORNING
15-SEP~81 08:%0 LOGGED ON TERMINAL® TTO:

WELCOME TO RSX-11M V3.2 REV D FOR DFAN

PL152,131PL0T

LR EEAET XA E L EE XXX KR LXK IX LR XX TR XK XK

SRV

FLOW FIELD SURVEY PLOTING COMMAND FILE

THAEREEEAREARAAEEXEXEAEE AKX XX XXX XK EXEXRXEX XXX XXX XXX AR KXXX XXX K
% ENTER NAME OF DATA FILE TO BE PLOTTED L[S1:
i “PIP DATAIN,DAT/NUsXWM4.DAT

»% DO YOU WANT TO USE AN EXISTING MENU DATA FILE? LY/NI:
“PIP MENU.DAT/NU=C152,13INULL.DAT -

e A NP b e e 5 et 4
R N N Y
‘et W W» W we

£391d0d WAINIBA0N € B 1O nadNnnIdng

: ZRAN C152,13IMENU -
ENTER PLOT OPTION: O=CONTOURs, 1=AXONOMETRIC, 2=CROSS FLOW
-
BATA XMIN - 1.000
DATA XMAX = 6.000
DATA YMIN = ~3.000
DATA YMAX = 7.000
BATA ZMIN = -~1,913
DATA ZMAX = 1.490%
1.0PTION = 0. .
2.,TITLE = FWING-BODY, 11 DEGs V=100 FPS (XWM4) 15:06:524-AUG-81
3.X AXIS ANGLE = 0.000
4.7 AXIS ANGLE = 90.000 *
.2 AXIS ANGLE = 0.000
; 6.X MIN = 0.000
j 7.X MAX = 10.000
H 3.Y MIN = -4.000
.Y MAX = 6,000

10, Z VARIABLE = 10. CTOTAL
11.ZMIN = -1.80000
12.ZMAX = 1.40450
13.ZINC = 0.30000

ENTER _NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROPRIATE)

i

B4 i

Seoay DR HRL e - - R g o T




-OPTION = 0,

(XWMa)

2.TITLE = FUING-BODY, 11 LEG» V=100 FPS
23X AXIS ANGLE = 0.000
4.Y AXIS ANGLE = 90.0090
3.2 AXIS ANGLE = 0.000
d.X MIN = -2.000

7.X MAX = 8.000

8.Y MIN = -2.,000

.Y MAX = §.000

10, 2 VARIABLE = 10.
L11.ZMIN = ~-1.%0000
12.ZMAX = 1.,404%50
13.2ZINC = 0.20000

15:06:3524-AUG-81

ENTER NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROPRIATE)

.

7 edd @

TT0 -~
~PIP MENU.DAT/PU
*RUN C152y13IGRAFS

STOP

FUING-BUDY, 11 DEG, U=w18d FPS (XHM4)

CTOTAL

DO YCU WANT A HARDCOPY PLOT? §d

15:06

24-aUG-81
9.0

Li ¥

TT0 =~- STOP

>% DO YOU UANT ANOTHER GRAPH? CY/NI:Y]
»% DO YOU WANT TO USE A DIFFERENT MENU FILE? CY/NI:@

ZRUN [1%2,13IMENU

-1,580
-"3'.
-1, 100
-3.990 -
-8.790
-3.300
-9.300
-6.100
8.100
9.399
8.3500
9.7v0
9.9e8
1.160
1.300

BO YOU WANT TO SEE THE DATA g}NIHUﬂ/HﬂXIHUH VALUES? CY/N1]

SUDWIHIDAOD €N B 1O nAdNNNIdaN

‘191d0..




,OFTION = O,

2,TITLE = FWING-BODY,
I.X AXIS ANGLE =

4.Y AXIS ANGLE =

$.Z AX1S ANGLE =

d.X MIN = «2.,000
7.X MAX = 8.000
8.Y MIN = -2.,000
?.Y MAX = 8.000
10. 2 VARIABLE = 10.
11.ZMIN = -1.950000
12,ZMAX = 1.40450
13.ZINC = 0.20000

11 DEG»

0.000
90.000
0.000

U100 FFPS (XWh4) 15:06:524~-AUG-81

ENTER NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROPRIATE)

41 |

+OFPTION = 1,

2.TITLE = FWING-BODY.

3.X AXIS ANGLE =
4.Y AXIS ANGLE =
$.Z AXIS ANGLE =

6.X HIN = '5.000
7+X MAX = 8.000
8.Y MIN = «2.000
.Y MAX = 8.000

10, Z VARIABLE = 10.
14.2 SCALE FACTOR -

i1 DEG:

0.000

120.000

90.000

CTOTAL

-1.000

U=100 FFE (XWM4) b

4-AUG-81

(L
.0
©
o
e
(L
(B ]

-

413102 WBANIIAAGN €N B 110 NAdNNAIdav

ENTER NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROPRIATE)

LOPTION = 1.

2.TITLE = FWING-RODY,

3.X AXIS ANGLE =

4,Y AXIS ANGLE =

.2 AXIS ANGLE =

6. X MIN = -2.000
7.X MAX = 8.000
8.Y MIN = -2.000
?.Y MAX = 8.000
10. Z VARIABLE = 10,

14.Z SCALE FACTOR -

11 DEG:»

0.000

120.000

?0.000

CTOTAL

V=100 FPS (XWHM4) 15:06:324~-AUG-81

-5.000
ENTER NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROFPRIATE)

a
DO YOU WANT A HARDCOPY PLOT? [

7 @%d @ .
TTO =-
»PIP MENU.DAT/PU

»RUN C£152,133GRAFS

B6




FUING-B0DY, 11 DEG: U=109 FPS (XNn4) 13:66 24-AUG-81

CTOTAL
L
: 8.8ue0 1
j P E
] ANBAY AR
%s \ AR XA
L}

§.owh?

: TTO -~ STOF
»% DO YOU WANT ANOTHER GRAFH? CY/NI1:{¥]

; % DO _YOU WANT TO USE A DIFFERENT MENU FILE? CY/NI: [
PRUN C152,13IMENU

13100y JUBUNIIBAO) QN B 110 DAANNOIdaY

~

DI YOU WANT TO SEEZ THE DATA MINIMUM/MAXIMUM VALUES? C'Y/N3

|

!

|

i LOPTION = 1,
2.TITLE = FUING-BQDY» (i DEG» V=100 FPE (XWM4) 15:06:824-AUG-81
T.X AXIS ANGLE = 80.000
3.Y AXIS ANGLE = 90,000
Y¢Z AXIS ANGLE = ?0.000
d¢X MIN = -2.000
7¢X MAX = 8,000
8.Y MIN = -2.000
9.Y MAX = g8.00¢
10. 2 VARIABLE = 10,
14.2Z SCALE FACTOR - -%.000

ENTER NUMBER OF PARAMETER TO CHANGE AND NEW VALUE (IF APPROPRIATE)

B7
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+OPTION = 2.

2.TITLE = FWING-BQODY,

3.X AXIS ANGLE =
4.Y AXIS ANGLE =
S.2 AXIS ANGLE =
6. X MIN = -2.000
7.X MAX = 8.000
8.Y MIN = -2.000
?.Y MAX = 8.00¢

11 DEG,» V=100
0.000
90.000
0.000

$10.VECTOR LENGTH SCALE FACTOR =
ENTER NUMBER OF PARAMETER TO CHANGE

+OPTION = 2,

FPS (XWMa)

0.500
AND NEW VALUE

15:06:524-AUG-81

(IF APPROPRIATE!

2.TITLE = FWING-BODY, 11 DEGy V=100 FPS (XWM4) 15:06:324~-AUG-81
3.X AXIS ANGLE = 0.000

4.Y AXIS ANGLE = 90.9000

S5.Z AXIS ANGLE = 0.000

6.X MIN = -2.000

7.X MAX = 8.000 .

8.Y MIN = «2.000

?2.Y MAX = 8.000

10.VECTOR LENGTH SCALE FACTOR = 1.000

". ENTER NUMBER OF PARAMETER TQ CHANGE AND NEW VALUE (IF APPROFRIATE)

DO YOU WANT A HARDCOPY PLOT?

T @%d @
TTO

»PIP MENU.DAT/PU

>RUN C132/,13])GRAFS

STOP

-~

FUING~BODY; 11 DEG, V=100 FPS (XMN4)

13506 24~AUG-81
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s o el Y b

s s s AN A O 1 i 1

TT0 =-- STOP

»x DO YOU WANT ANOTHER GRAPH? CY/N1: ]

>% DO YOU WANT TO SAVE THE MENU DaTA FILE? [Y/NI: B
»PIP MENU.DAT# x/DE/NM

+PIP DATAIN.DATi*/DE/NM

»% DO YOU WANT TO PLOT ANOTHER FILE? CY/NI:H)

@ <EOF>
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APPENDIX C

DFAN Standard Data File Format

File structure: Formatted, sequential
Record 1: Format SIS
5 Integer entries as follows:

1 - ND - Number of dimensions in a data point

2 - NP - Number of data points per line
3 - NL - Number of liues per grid
4 - NG - Grid number

5 - NLAT - Lattice number

Record 2: Format 20A1, 60Al
2 Logical*]l Arrays as follows:
1 - STITLE - 20 character short title
2 - LTITLE - 60 character long title

=
Characters 41-48 are Time-~HH:mm:ss

£131d0Dd 1B HIUI3ACN €1 8 110 Daannatdaw

Characters 49~60 are Date=-DD-mmm-yy

Record 3: Format 10A1 .

ND Logical*l Dimension Names/Labels

1 - ND - DLABEL - 10 Character Dimension Name/Label

Record 4: Format NPx*NL+3: Format 10E12.5
ND Real numbers for a data point

1l - ND -~ DAT - Values for each dimension in a data point

This basic structure may be repeated as many times as necessary in a single
file.

Cl







